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A new United States Pharmacopeia (USP) 
Chapter 1046: Cell and Gene Therapy Products 

S Seaver 
Seuver rlssociates, Concord, MA,  C’SA 

Abstract 

The c’nited States Pharmacopeza (ISP) bas pubhsbed tbe first drafi 

of a mow znformatlo?z chapter on cell arid gene therapy products zn 

.?anuary, 2000 The chapter discusses tbe manufacturifzg and testtng 

cell and gene tberapy prodacts. It i,r &tended fir people morkiug m  the 

field as well as fey phrmaci.rts afid clinlcia~zs Y&O would like more 

irlformatiofz o+z this subject. Tbi.c arttcle outhes the background of 

CSP and expbzns box it became involved with cell and gefae therapy 

and what an inj&mattofz chapter 2.c It detah the sub@s covered by 

the chapter and the philosophy bebznd the chapter. This draf? ?~‘tll be 

reziscd based on commet~ts received from the public and the?2 pub- 

lzsbed as a revzsion subject to@rthr rammerits before tt ber0me.r an 

ojicial chapter in a supplement to C’SP 24-,V1‘ 19. 

Infroducfion 
,4t the meeting of the United States Pharmacopeia (USP) 
Convention in March, 1995 a resolution, ‘Standards and 
Information for Gene and Cell Therapies’, was adopted. It 
states: 

The L;SP is encouraged to determine, in cooperation wzth the Food 

a?zd Drug Admznistration afzd ifz consultation with approphate 

intemationaL orgmmatioq the fea.ribi& and ndvlsability of 

developing an information chapter to encompass methodologies 

describzng gene and cell therapaes and cell based tissue enginew- 
zng, standards for reagents and materials used, and information 

regarding the appropriate use of these technologies. 

As an introduction to the USP’s efforts in this field this 
article will describe: 

H the USP and its committees 
n the different types of information in the USP-NF 
n why the USP decided to write an information chapter 

on cell and gene therapy products 
n the contents and philosophy of the chapter 
n how the chapter will become official part of USP 24- 

NF 19. 

What is the USP? 
The USP is a not-for-profit organization established in 
1820. Its mission is to ‘promote the public health by establishing 

and disseminating officially recognized standards of quality and 

autboritatzve znformatlon for the use of medicines and other health 

care techologies by health care profeessiopzals patiefzts artd COIZ- 

szlm&. The Federal Food, Drug and Cosmetic A4ct 

recognizes the USP standards. 
The USP holds a meeting of its members every five 

years. Members include representatives from schools, col- 
leges and state associations of medicine and pharmacy, 
professional and scientific organizations and designated 
divisions of the federal government and certain foreign 

governments and pharmacopeias. & these meetings, USP 
members elect the members of the USP Committee of 
Rer%ion (COR) and adopt resolutions to guide the work of 

COR. COR is responsible for the contents of the USP-NF 
(United States Pharmacopeia and National Formulary). 
Members of COR are volunteers and are assigned to spe- 
cific subcommittees based on each person’s scientific and 
medical expertise, not their affiliation. The USP has a per- 

manent staff of 300 people to assist and implement the 
work of these volunteers. During the 1995-2000 cycle 
there have been 20 subcommittees. One of these, the 
Biotechnology & Gene Therapy Subcommittee, addressed 
the resolution on cell and gene therapies. 

For more information on the USP visit its web site at 

www.usp.org. 

What information does the USP-NF 
contain? 
The USP-NF contains official compendia which are recog- 
nized in Food, Drug and Cosmetic Act. Many people refer 

Correspondence to: Sally Seaver PhD, Seaver Associates, Hawthorne Lane, Concord, MA 01742, USA 
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General Chapters 
General Information 

Add the following: 

n (1046) CELL AND GENE 
THERAPY PRODUCTS 

INTRODUCTION 

General Definitions 
Recent advances in biotechnology have resulted in the develop- 

ment of two new categories of products-cell therapy products and 
gene therapy products, Cell therapy products contain living mamma- 
lian cells as one of their active ingredients, while gene therapy pro- 
ducts contain pieces of nucleic acid, usually deoxyribonucleic acid 
(DNA), as one of their active ingredients. Some products combine 
both categories, resulting in a therapy that uses cells that express a 
new gene product. Both cell and gene therapy products may be com- 
bined with synthetic or natural biomaterials to form tissue constructs. 

For the purpose of this chapter, cell and gene therapy products in- 
clude any product that has live cells or pieces of nucleic acid, how- 
ever formulated. The following are excluded at this time: (1) tissue- 
based products in which the cells are removed or killed, (2) enhanced 
reproductive methods such as in vitro fertilization, (3) non-mamma- 
lian cell-based products, (4) traditional vaccines such as live attenu- 
ated virns, and (5) noncell, nongene products manufactured by using 
cells or recombinant-DNA (rDNA) technology, which are discussed 
under Biotechnology-Derived .4rticies (1045).’ 

Cell Therapy Products 
Cell therapy products are products with live cells that replace, aug- 

ment, or modify the function of a patient’s cells that are diseased, dys- 
functional, or missing. Transplantation of bone marrow to replace 
marrow that has been destroyed by chemotherapy and radiatton is 
an example of a cell-therapy product. These products are also referred 
to as somattc cell therapy products because nongerm-line cells are 
used tn the product. In addttion, cells may be combined with bioma- 
tenals. For example, dermal or epidennal cells can be grown on a 
collagen substrate to produce a sheet of cells for wound and bum ther- 
apy. Examples of cell therapy products are shown in Table 1. 

Table 1. Examples of Cell Therapy Products 

Indication Product 
Bone marrow transplantatton Devices and reagents to propagate 

stem and progenitor cells, to select 
stem and progenitor cells, or to re- 
move diseased (cancerous) cells 

’ The term ~SSIII englrleering IS not used in this chapter. Definitions and in- 
formatIon on tissue engineering are betng developed by the ASTM 

Pain 

Diabetes 

Wound healing 
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Indtcation Product 

Cancer T cells, dendritic cells, or macro- 
phages exposed to cancer-specific 
peptides to elictt an immune re- 
sponse 
Autologous or allogeneic cancer 
cells injected with a cytokine and ir- 
radiated to elicit an immune response 
Cells secreting endorphins or cate- 
cholamines (encapsulated in a hol- 
low fiber) 
Encapsulated P-islet cells secreting 
insulin in response to glucose levels 
Sheet of autologous keratinocytes or 
allogeneic dermal fibroblasts on a 
biocompatible matrix 

Tissue repair 

Sheet of allogeneic keratinocytes 
layered on a sheet of dermal fibro- 
blasts 

Focal defects in knee carti- Autologous chondrocytes 
lage 

Cartilage-derived structures Autologous or allogeneic chondro- 
cytes in a biocompatible matrix 

Bone repair Mesenchymal stem cells in a bio- 
compatible matrix 

Neurodegenerative diseases Allogeneic or xenogeneic neuronal 
cells 

Liver assist (temporary; for Allogeneic or xenogeneic hepato- 
bridging until liver transplant cytes in an extracorporeal hollow fi- 
or recovery) ber system 
Infectious disease Activated T cells 

There are three sources of donor cells for cell therapy products: (1) 
the patient’s own cells (autologous cell products), (2) the cells from 
another human being (allogeneic cell products), and (3) the cells de- 
rived from animals such as pigs, primates, or cows (xenogenetc cell 
products). Autologous cells are not rejected by the patient, but they 
are not available for many treatments because they are missing, dys- 
functional, or diseased. In those situations allogeneic and xenogeneic 
cells can be used. The advantage of allogeneic cells is that they do not 
trigger a rejection reactton as strong as that caused by xenogeneic 
cells. Xenogeneic cells are used when human cells with the desired 
characteristics are not available or the supply of human donors is too 
limited. Cell therapy products are sometimes encapsulated in a device 
that prevents the patient’s cells and anttbodies from killing the xeno- 
geneic cells. However, the use of xenogenetc cells has the potential to 
cause zoonoses in humans. Much research IS focused on Identifying 
and propagating stem cells, regardless of the source, because stem 
cells can be manipulated to differentiate either during manufacturing 
or after administration. Cell lines are preferable to freshly isolated 
cells because they can be tested extenstvely for vuuses, tumorigeni- 
city, and other features. They also ensure a constant and reproducible 
product by minimizing donor-to-donor vanability. 

Cell therapy products can be modified by treatment with DNA or 
another nucleic acid so that the pattern of gene expression is changed. 
This new product, a combinatton of gene therapy and cell therapy, is 
referred to as an ex vivo gene therapy product. Typically, cells are 
taken from the patient and modified outside of the body before they 
are returned to the patient. 

Cell therapy products face several unique manufacturing chal- 
lenges that are addressed in other secttons of this chapter. First, cells 
cannot be terminally sterilized or filtered so removal or inacttvation of 
microorganisms or viruses without ktlling the cells is problematic. 

0 2002 The UnIted States Pharmacoped ConventIon. Inc. All R1ght.r Rexned. 
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Second, every raw material used in manufacturing has the potential of 
remaining associated with the cells. Qualification and sourcing of all 
raw mat&als is critical to producmg a safe and effective product. 
Third, storage of the cell therapy products may present a challenge. 
Freezmg IS the main mode of long-term storage, and some cell ther- 
apy products cannot be frozen without changmg their basic character- 
istics, especially those for differentiated functions. These types of 
products may have to be admimstered to patients within hours, or 
days at the most, after completion of the manufacturing process. 
Fourth, there is often an urgent clinical need to admmister a product 
as soon as possible. Fifth, some products consist of a batch size 
equivalent to one dose, very often m a small volume. For these last 
three challenges, traditional analytical methods, especially those for 
sterility, mycoplasma, and potency, are not always applicable because 
these methods are not rapid or they are not amenable to small VO- 
lumes. Even when these traditional methods are performed, the re- 
sults are not available in time for products requiring rapid release. 
These products are often released on the basis of the results of new, 
very rapid or small-volume methods. Currently there are no compen- 
dial standards for such methods, although, as stated in the General 
Norlces and 21 CFR 610.9, alternative methods to compendia1 tests 
are permissible, provided they are shown to be equwalent. As such 
new methodologies become properly validated, they will be included 
in the compendia. 

Categories or Strategies Indication: Administered Product 
Intrabodies Cancer or HIV: single-chain antibody to a 

tumor protein or a viral protein, respec- 
tively 

’ Thts product promotes formation of new blood VCSS& 
’ Cells with condttmnally lethal genes as well as ther netghbonng cells are killed after 
the admmlstratmn of a second drug m VIVO. For TK, thr drug 1s gancyclov~r For CD, the 
drug IS 54uomcytosme. 

Although manufacturing of vectors or nucleic acids can be analo- 
gous to that used for rDNA products or vaccmes, there are some un- 
ique challenges. Analytical methodologies for vectors (see Analytical 
Methodologies) are still being developed. Methods for quantltating 
viral vector particles and determining the number of particles that 
are active @otent) are Important areas that are rapidly evolving. Tra- 
ditional assays for viral dose, such as the plaque assay or the tissue 
culture mfectious dose assay, detect a fraction of the active vector par- 
ticles. The precision of such assays is about a factor of three (half a 
log). Further, manufacture of large batches of viral vectors with‘no, or 
minimal amounts, of replication-competent viruses (RCVs) is chal- 
lenging. Detecting a small number of RCV particles in. the presence 
of large amounts of replication-defective vector is difficult. As in cell 
therapy products, sourcing of raw materials is critical. Removal of 
adve&ious agents or other process contaminants from viral vectors 
can be impossible. Even defining purity is an issue for envelooed viral 
vectors, such as retroviruses 0; herpes viruses, as they incbrporate 
cellular proteins in their envelope when they bud from the cell. This 
makes it difficult to determine if contaminating extraviral cellular 
proteins have been adequately removed. 

Gene Therapy Products 
Gene theraev oroducts are products in which nucleic acids are used 

to modify thegknetlc material of ceils. A retroviral vector used to 
deliver the eene for factor IX to cells of patients with hemoohilia B 
is an example of a gene therapy product. Gene therapy products can 
be broadly classified on the basis of their delivery system. Means for 
delivering pene therapy products include viral vectors (viruses with 
the geneso? interest &it isually without the mechanism‘to self-repli- 
cate m viva). nucleic acids in a simple formulation (naked DNA). or 

II II 
nucleic acids formulated with agents, such as liposomes, that enhance 
their ability to penetrate the cell. Some types of gene therapy block 
the expression of a gene by the administration of antisense oligonu- 
cleotides, which arecompiementary to a naturally occurring ngonu- 
clelc acid (RNA) and block its expression. Most of the initial clmical 

. I 

work has been done using viral vectors. The choice of a gene vector is 
complex (see Design Considerations for Gene Vectors under ,Wanu- 
hxtrwinp ofGene Therapy Products). The most common viruses used 

to date %&de murine -rktroviruses; human adenovirus, and human 
adeno-associated viruses (AAVs). Antisense-oligonucleotide pro- 
ducts are in clinical development and on the market. Examples of 
gene therapy products are shown in Table 2. 

Table 2. Examples of Gene Therapy Products 

Categories or Strategies Indication: Administered Product 

Gene replacement 
Short term 

Long term 

Cardiovascular disease: erowth factor vec- 
tor on a biocompatible scaffold’ 
Cystic fibrosis: transmembrane conduc- 
tance regulatory vector 
Hemophilia: factor VIII or IX vector 

Immunotherapy Cancer or arthritis: autologous tumor cells 
or lymphocytes, respectively, transduced 
with cytokme genes 

Cond;tlonally lethal Cancer (solid tumor): thymidine kinase 
genes- (TK) or cytosine deammase (CD) vector 

into tumor cells 

Antisense 

Ribozyme 

Graft versus host disease (GVHD): TK or 
CD vector transduced mto donor T cells 
Cancer: anti-oncogene vector 
Cytomegalovirus retinitis: antIviral vector 
Human lmmunodeficiency virus (HIV): 
antiviral nbozyme vector into autologous 
lymphocytes 

For gene therapy vectors administered directly to patients, there are 
safety concerns related to the fate of their nucleic acids. For example, 
alteration of germ-line DNA is undesirable. Integration of gene ther- 
apy products into somatic cell DNA carries a theoretical risk of inser- 
tib;lal mutation, which could result in modified gene expression and 
deregulation of the cell. For viral gene theraoies. natients mav need to 
be monitored for the presence of 6.3’. To sddre& the risks associated 
with specific products, preclinical studies, quality control (QC) test- 
ing, and patient monitoring strategies need to be developed in accor- 
dance with the applicable regulations and guidance documents. The 
methodologies used to support these activities, including polymerase 
chain reaction (PCR) methods, are amenable to compendia1 standar- 
dization. 

Chapter Purpose and Organization 
Clinical uses for cell and gene therapy products, ,thelr manufactur- 

ing processes, and analytical schemes for determmmg identity, dose, 
potency, purity, and safety are rapidly evolving and are as diverse as 
the products themselves. This informational chapter summarizes the 
issues and best current practices in the manufacturing, testing, and 
administration of cell and gene therapy products. Usually informa- 
tional chapters focus on materials that are already commercially 
available. This chapter, however, not only discusses products for 
commercial applications, but it also addresses the production of clin- 
ical trial materials and the other unregulated uses, such as bone mar- 
row transplantation. When different approaches can be used for 
clinical trial material as compared to those used for comrnerclal pro- 
duct, it 1s so stated. 

The traditional compendlal perspective is to develop public stan- 
dards that can be applied to a particular final product v&out ex- 
pressly defining production details. Efforts have been made in this 
chapter to specify when traditlonal methodologies or standards can 
be adapted. Novel methodologies applicable to cell and gene thera- 
pies are also hlghlighted. AS these new methodologies become prop- 
erly validated, they will be mcluded m subsequent publications. 

This chapter IS extensive because of the diverse nature of the pro- 
ducts and the special considerations that they require. Manufacturing 
has been divided mto three sections. The first section, Manq’hurzng 
Overview, discusses general aspects of manufacturine and orocess de- - I 
velopment. The other two manufacturing sections are Manzf&tnnng 
of Cell Tkerapv Products and Mamlfacturine of Gene Tkemov Pro- 
&crs. The la& sectlon includes a subsectioloi designmg g& vec- 
tors. On-Site Preparation and Administration follows the 
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manufacturing sections because the handling of these products at the 
clinic often requires facilities and expertise not found in a typical hos- 
pital. Storage, shippmg, and labeling issues are addressed under Sto- 
rage and Shlpping and under Labeling. Regulations. Standards, and 
New Methodologies summarizes existing guidelines and highlights 
the needfor the development and validation of new methodologies 
to assess product quality. The final sections of this chapter, Definition 
of Terms and Abbreviatzons, list and define the terms and abbrevia- 
tions referred to in this chapter and those commonly employed in this 
field. 

MANUFACTURING OVERVIEW 

Introduction 
The manufacturing of cell and gene therapy products has been di- 

vided mto three sections. This section, Manujkturing Overview, dis- 
cusses five tonics that annlv to manufacturing of all cell and gene 
therapy products: (1) raw materials, (2) characterization of banked 
materials. (3) in-orocess controls. (4) soecifications. and (5) valida- 
tion considerations. Manufactur>r~g’of Cell Theruby Pr&cts ad- 
dresses the manufacturing of cell therapy products including cell 
products into which genetic material has been introduced. Manufac- 
turing of Gene Therapy Products addresses the manufacturing of 
gene therapy vectors, both viral and nonviral, discussing the design 
of gene vectors in detail. 

All the general principles of current good manufacturing practice 
(CGMP) as outlined by the FDA in 21 CFR 210, 21 CFR 2 11, 2 1 
CFR GO& (especially 21 CFR 610), 21 CFR 820, and discussed in 
USP informational chaoters. such as Biotechnology-Derived Articles 
(1049, apply to the manufacturing of cell and geg therapy products. 
The manufacturing facility, equipment and process, raw materials, 
aualitv svstems, and trained personnel are some of the key elements 
df CAMP. CGMPs apply throughout the clinical development to both 
the manufacturing orocess and facilitv. The extent of control in- 
creases as clinical&elopment progresses, with full CGMP compli- 
ance expected by initiation of Phase I11 of the pivotal clinical trial(s). 
The facility should be carefully designed, built, and validated to ac- 
commodate the unique features of the product’s manufacturing pro- 
cess. Equipment should be robust, provide consistent product, and 
allow oeriodic calibration. Critical equipment. such as incubators 
and freezers, needs to be fitted with al&n~ systems that can remotely 
signal failure. Oualitv control (00 and qualitv assurance (GA) pro- 
Gms should exert c&trol over ;hemanufactu&g facilities; the’man- 
ufacturing process, the validation efforts, and all testing of the raw 
materials, in-process material, bulk product, and final formulated pro- 
duct. Training and certification programs are central to mamtaining a 
technically competent manufacturing staff. A documentation pro- 
gram should be implemented to support all manufacturing, training, 
and quality operations. Changes to processes and procedures should 
follow a fomlal program based on well-established CGMP and IS0 
change control principles 

Raw Materials 

TYPES OF RAW MATERIALS 

A wide variety of raw materials may be used in manufacturing. 
They may include relatively sunple materials or complex substances, 
such as cells, tissues, biological fluids, polymeric matrices, mechan- 
ical supports, hydrogels, culture media, buffers, growth factors, cyto- 
kines, cultivation and processing components, monoclonal 
antibodies, and cell separation devices. These materials may remain 
m the final therapeutic product as active substances or as exciptents. 
They may also be used in the manufacturing process as ancillary pro- 
ducts. Ancillary products are components or substances that exert an 
effect on a therapeutic substance (for example. a cytokine may acti- 
vate a population of cells). However, the mode of action of the ancil- 
lary product is limited to the mteraction with the therapeutic entity, 
and the ancillary product IS not intended to be present in the final ther- 
apeutic product. “Feeder cells,” which are used to provide nutrients 
or growth factors for the product cell, are an example of an ancillary 

product. The quality of raw materials used in the production of a cell 
or gene therapy product can affect the safety, potency, and purity of 
the product. Therefore, qualification of raw materials is necessary to 
ensure the consistency and quality of all cell and gene therapy pro- i 
ducts. 

QUALIFICATION 

It is the responsibility of the manufacturer of the product to ensure 
that all raw materials used in manufacturing are appropriately quali- 
fied. Qualification is the process of acquiring and evaluating data to 
establish the source, identity, purity, biological safety, and overall 
suitability of a specific raw material so as to ensure the quality of 
all raw materials used in the manufacturing process. The broadnat- 
ures of the cell and gene therapy products and of the materials used to 
produce these products make-n difficult to recommend specific tests 
or protocols for a qualification program. Therefore, rational and 
scientifically sound programs must be developed for each raw mate- 
rial. 

Activities involved with raw material qualification will change as 
products move through various stages from clinical trials to licensure 
and commercialization. A well-designed qualification program be- 
comes more comprehensive as product development progresses. In 
the early stages of product development, safety concerns are a focus 
in a raw material qualification plan. In the later stages, raw material 
qualification activities should be completely developed and should 
comply with CGMP. Ultimately, each raw material employed in the 
manufacture of a cell or gene therapy product should be produced 
under conditions that are in compliance with CGMP. On rare occa- 
sions, complex or unique substances that have been shown to be es- 
sential for process control or production may not be available from 
suppliers that produce them in compliance with CGMP. In these si- 
tuations, the cell or gene therapy product manufacturer will have to 
develop a scientifically sound strategy for qualifying the raw material. 

A qualification program for raw materials used in cell and gene 
therapy manufacturing should address each of the following areas: 
(1) identification and selection. (2) suitability for use in manufact-ur- 
ing, (3) characterization, (4) fetal bovine serum, and (5) quality assur- 
ance. 

Identification and Selection-In the early stages of product de- 
velopment, important decisions regarding the types of raw materials 
to be employed in the manufacture must be made. As manufacturing 
progresses and products mature, certain materials that are deemed 
necessary at this point may turn out to be impossible or prohibitively 
expensive to qualify. Attention must be paid to issues such as suitabil- 
ity, toxicity, availability, consistency, contamination, and traceability. 
Raw materials that could be difficult to qualify may have to be inves- 
tigated and identified m the early stages of product development. 

Every material employed in the manufacturing process should be 
accounted for. The source and intended use for each material should 
be established, and the necessary quantity or concentration of each 
material used should be determined. Primary sources, and when pos- 
sible secondary sources, for each material should be identified. In all 
cases, suppliers should provide information regarding the traceability 
of each material, especially for human- and animal-derived raw ma- 
terials. For instance, human serum albumin and processed allogeneic 
non-A,B human serum require donor infectious disease status infor- 
mation prior to use, and a material such as fetal bovine serum (FBS) 
requires herd quahfication and country of origin certification before 
being used in a manufacturing process (see Fetal Bovine Serum). 

Suitability-An assessment of the suitabihty of each raw material 
used in manufacturing is necessary m order to ascertain the risk that 
the raw material may pose to the safety, potency. and purity of the 
final therapeutic product. Knowing the source and the processes em- 
ployed in the manufacture of each raw material will help determine 
the relative level of risk for each item. The ouantitv of the material 
and its point of mtroduction in the manufactu’nng p;ocess also affect 
the risk profile of a raw material. Materials that mav have toxic effects 
or raise biological safety concerns receive special attention. Such ma- 
terials should be subjected to extensive testmg prior to use or should 
be monitored in the final product. Validation studies that demonstrate 
that such materials are effectively and consistently removed or ren- 
dered Inactive in the course of manufacmrmg will also be necessary 
for eventual hcensure of each product, The biocompatibiiity of natur- 
al or synthetic biomaterials used in cell therapy products may be as- 
sessed by subjecting the material to the testing protocols outlined in 
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the FDA’s Blue Book Memorandum (May 1, 1993, which is a mod- 
ification of the IS0 document 10993-l. 1997 entitled “Blolo,glcal 
Evaluation of Medical Devices-Part 1: Evaluation and Testing”. 
USP chapters Biological Reactzvzq Tests, In Mtro (57) and Biological 
Reactivlv Tests, In L&J (58) should also be consulted. 

risks associated with adventitious agents, residual FBS in the final 
product may trigger an immune response m patients. The level of re- 
sidual FBS in the final product does not necessarily correlate with the 
starting amount of FBS, and it can depend upon the nature of the pro- 
duct and the purification process. Even if FBS is not included in the 

Characterization-Once the suitability of each raw matenal em- 
ployed in manufacture has been assessed, specific QC characteriza- 
tlon tests need to be developed or implemented for each matenal. The _._.. ~-- - 
test panel for each raw maienal shoild assess a variety of quality at- 
tributes, including identlty, purity, hnctionality, freedom from adven- 
titious or microb:al contaminants, and suitabihty for intended use. 
The level of testing for each component is a product of its nsk assess- 
ment profile and &e knowledge gained about each component during 
develooment. Test specifications should be developed for each raw 
material to ensure cdnslstency and performance of the manufacturing 
process. Acceptance criteria should be estrlbhshed and justified on the 
basis of the data obtained from lots used m preclinical and early clin- 
ical studies, lots used for demonstration of manufacturing consis- 
tency, and relevant developm.e.nt data: such as those ansing from 
analytical procedures and stablhty studies. 

Many raw matenals, such as cells isolated f?om blood, semm-de- 
rived fluids and extracts, or growth factors, are biological in nature; 
therefore, they are highly complex and difficult to fully characterize. 
Tests for stenlity, pyrogenicity, mycoplasma, and adventitious or in- 
fectious viral agents, including RCV, should be performed on these 
materials. The specific adventitious viral agent test panel is dependent 
on the source of the component and how that component is manufac- 
&red or prepared. Because these materials exert their effects through 
complex biological activities-and bioch:mica1 testing may not be 
predictive of process performance-funct?on+ or performance test- 
ing may be necessary. Performance varlablllty of such materials 
may have a detrimental impact on the eventual potency of the final 
therapeutic product. Examples of complex fimctlonallty testing for 
raw materials are growth-promotion testing of individual lots of 
FBS on the cell line used in manufacturing, performance testing of 
digestive enzyme preparations, and in vitro tissue culture cytotoxicity 
assays. 

Fetal Bovine Serum-One commonly employed animal-derived 
material in manufacturing is FBS. FBS is often added to the cultiva- 
tlon medium to promote cellular proliferation of a wide variety of cell 
types, including cell cultures that are derived from primary tissue ex- 
plants and biopsy specimens. Growth factors, hormones, and other 
nutritive components present in FBS, many of which are undefined 
or present in trace quantities, provide the necessary components re- 
quired by many cells to survive and undergo cellular division in vitro. 
The production of high-titer gene therapy vectors from cell lines can 
also require rich culture medium that includes FBS at levels between 
10% and 15%. Defined, serum-free media have been developed for a 
number of cell types. Although some cell lines may be gradually 
adapted to serum-free or low-serum culture conditions, this may 
not be possible for certain fastidious cells, thereby necessitating 
FBS use. 

Although FBS use may be required, development and assessment 
of serum-free or reduced-serum culture media should be considered. 
A number of bovine-derived bacteria, mycoplasma, and viruses are 
known to be associated with FBS. These organisms could potentially 
enter the process stream and contaminate the final product. The po- 
tential risk of BSE, the bovine form of TSE (transmissible spongi- 
form encephalopathy) transmission with this material has been the 
subject of international discussion. Although FBS has been categor- 
ized as a low-risk material, adequate testing and sourcing of FBS lots 
must be managed appropriately in a qualification program. Reduction 
or elimination of FBS in the manufacturing process can reduce the 
risks associated with contamination by adventitious agents. 

FBS must be obtained from herds that are momtored for specific 
diseases relevant in aticultural settmgs (for example, tuberculosis or 
brucellosis) and that&e from regions known to be free f?om BSE. 
Each lot must meet estabhshed guidelines for sterilitv and endotoxin 
content as well as freedom fromspecific bovine viruses. To increase 
the level of safety assurance, consideration should be given to em- 
ploying methods, such as irradiation or nanofiltration, that remove 
or inactwate viral entities known to be associated with FBS. 

It should be noted that defined media formulations typlcallv in- 
clude components, such as albumm and transferrin, that are pu&ed 
born animal or human plasma. The purification, processing, and ex- 
tensive testing of such components further minimize, but do not elim- 
inate, the nsk of viral or microbial contamination. Apart from the 

manufacture of the product, residual amounts of other components 
used in the manufacturing process, includine recombmant oroteins Y 

or other defined media components, may be potentially antiienic. 
Quality Assurance-The components of this part of the qualifica- 

tion program are multlfaceted and should reflect those found in a ty- 
pica1 manufacturmg environment for a pharmaceutical product 
produced in compliance with CGMP. These activities should include 
the following systems or programs: (1) incoming receipt, segregation, 
inspection. and release of materials prior to use m manufacturing, (2) 
vendor auditing and certification, (3) certificate of analysis verifica- 
tion testing, (4) formal procedures and policies for out-of-specifica- 
tion materials, (5) stability testing, and (6) archival sample storage. 

Characterization of Cell and Virus Banks 
Cell Banks-A cell bank is a collection of vials containing cells 

stored under defined conditions, with uniform composition, and ob- 
tained from pooled cells derived from a sinele cell clone. The cell 
bank system usually consists of a master &I1 bank (MCB) and a 
working cell bank (WCB), although more tiers are nossible. The 
MCB is-produced in accordance with CGMP and prefeiably obtained 
from a qualified repository source (source free from adventitious 
agents) whose history is known and documented. The WCB is pro- 
duced or derived by expanding one or more vials of the MCB. The 
WCB, or MCB in early trials, becomes the source of cells for every 
batch produced for human use. Cell bank svstems contribute ereatly 
to consistency of production of clinical or licensed product batches, 
because the starting cell material is alwavs the same. Mammalian and 
bacterial cell sources are used for establishing cell bank systems. 

Virus Banks-The master virus bank (MVB) is similar to the 
MCB in that it 1s derived from a single production run and is uniform 
in composition. The working virus bank (WVB) is derived directly 
from the MVEL As with the cell banks, the focus of virus bank usage 
is to have a consistent source of virus, shown to be free of adventi- 
tious agents, to use in production of clinical or product batches. In 
keeping with CGMP guidelines, testing of the cell bank to be used 
for production of the virus banks, including quality assurance testing, 
should be completed prior to the use of this cell bank for production 
of virus banks. 

Qualification---Cell and viral bank characterization is an impor- 
tant step toward obtaining a uniform final oroduct with lot-to-lot con- 
sistency and freedom from adventitious a$ents. Testing to qualify the 
MCB or MVB is performed once and can be done on an aliquot of the 
banked material or on cell cultures derived from the cell bank. Spe- 
cifications for qualification of the MCB or MVB should be estab- 
lished. It is important to document the MCB and MVB history, 
methods and reagents used to produce the bank, and storage condl- 
tions. All the raw materials required for production of the banks, 
namely, media, sera, trypsin, and the like, must also be tested for ad- 
ventitious agents. 

Qualifying Master Cell Bank-Testing to qualify the MCB m- 
eludes the following: (1) testing to demonstrate freedom from adven- 
titious agents and endogenous viruses and (2) identlty testing. The 
testing for adventitious agents may include tests for nonhost mi- 
crobes, mycoplasma, bacteriophage, and vnuses. Freedom from ad- 
ventitious viruses should be demonstrated using both in vitro and in 
vivo virus tests, and appropriate species-specific tests such as the 
mouse antibody production (MAP) test. Identity testing of the cell 
bank should establish the properhes of the cells and the stability of 
these properties during manufacture. Cell banks should be character- 
ized with respect to cellular isoenzyme expression and cellular phe- 
notype and genotype, which could include expression of a gene insert 
or presence of a gene-transfer vector. Sultable techniques, including 
restriction endonuclease mapping or nucleic acid sequencing, should 
be used to analyze the cell bank for vector copy number and the phy- 
sical state of the vector (vector integrity and integration). The cell 
bank should also be characterized for the quality and quantity of 
the gene product produced. 
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Qualifying Master Virus Bank-Testing of the MVB is similar to 
that of the MCB and should include testing for freedom from adven- 
titious agents in general (such as, bacteria, fungi, mycoplasma, or 
viruses) and for organisms specific to the production cell line, includ- 
ine RCV. Identitv testino of the MVB should establish the oronerties 
of-the virus and ihe stability of these propertles during manufacture. 

Qualifying Working Cell or Vi& Bank-Cha&terization of 
the WCB or WVB is generally less extensive, requiring the follow- 
ing: (1) testing for freedom from adventitious agents that may have 
been introduced from the culture medium, (2) testing for RCV, if re- 
levant, (3) routme identihi tests to check for cell line cross-contami- 
nation and (4) demonstration that aliquots can consistently be used 
for final product production. 

In-Process Control 
Manufacturing processes should have well-defined go-no go deci- 

sion point criteria that are applied to key in-process mtermediates and 
are used to pool matenal that has been processed through a step in 
several sublots. Quality must be built into the product, rather than 
tested during batch release. In-process controls are the assays or tests 
that are performed to ensure that the in-process intermediate is of suf- 
ficient quality and quantity to ensure manufacture of a quality final 
product. Examples of in-process controls are listed in Table 3. The 
main reason for performing the in-process control is to ensure that 
the correct product with anticipated qualim and yield is obtained. In- 
termediate in-process materiaithat fa’lls tdsatisfjr the in-process con- 
trol criteria should not be used for further manufacturine. This 
material may be reprocessed if there are procedures in place f:r such 
activities. The reprocessed material must satisfy the original in-pro- 
cess specifications before it can undergo finther manufacturing. If 
several sublots are to be pooled for f&her processing, sublotsyhat 
fail to satisfy the criteria should not be included in the pool, even if 
the pool containing these failed sublots would pass the in-process as- 
say criteria. 

Table 3. Examples of In-Process Control Applications 

Type of Product Attribute to Control 
Cell therapy 

Viral gene therapy 

Quantity and viability of cells after a 
key processing step 
Cell phenotype after a culture step 
Quantity and viability of cells dunng 
bioreactor culture 
Quantity of virus after virus culture 
Specific activity of virus in fractions 
after column chromatography 
Quantity of host-cell DNA in fractions 

Nonviral gene therapy 
after column chromatography 
Optical density or change in oxygen 
consumption during culture 
Amount and form of plasmid prior to 
culture harvesting 
Amount and form of plasmid after ex- 
traction steps 
Amount of pyrogen or endotoxin after 
extraction steps in plasmid pool 

Antisense-oligonucleotide Purity from strand side-products after 
therapy key extension steps 

Quantity in fractions after chromato- 
aranhv 

During clinical development, assays for product quality and yield 
should be performed after most processing steps to determine which 
steps are critical and which assays are most sensitive to deviations in 
the process. The information from these runs is also used to set the 
criteria for the selected assays. In-process controls are performed for 
fully validated processes to ensure that the process continues to be 
under control. The results of these assays should be trended and ac- 
ttons should be taken to correct problems as they arise. 
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Specifications 
Specifications for cell and gene therapy products should be chosen 

to confirm the quahty of the product by testing to ensure the safety 
and efficacy of the product. Selected tests should be product-specific 
and should have appropriate acceptance criteria established to ensure 
that the product exhibits consistent quality parameters within accep- 
table levels of biological variation, loss of activity, physicochemical 
changes, or degradatton throughout the product’s shelf hfe. The de- 
velopment and setting of snecifications for cell and gene products 
should follow the prin~iplesoutltned in the Intemation%l Conference 
on Harmonization (ICH) guidance entitled “06B Soecificattons: Test 
Procedures and Acceptance Criteria for Biot&hnoiogical/Biological 
Products”. 

Establishing specifications for a drug product is part of an overall 
manufacturing control strategy that includes control of raw materials, 
exctptents, and cell and virus banks; in-process testing; process eva- 
luation and validation; stability testing; and testing for consistency of 
lots. When combined, these elements provide assurance that the ap- 
propriate quality is maintained throughout the manufacture of the 
product. 

Appropriate specifications are established on the basis of thorough 
characterization of the product during the development phase and an 
understanding of the process and its capability. Characterization 
should include measurements of the physicochemical properties, 
safety, purity, process and product-related impurities, potency, viabi- 
lity, sterility, and quantity. Specifications for each product should be 
developed from this information by applying appropriate statistical 
methods. The data should include lots used in preclinical and clintcal 
studies and should also mclude assay and process validation data that 
can be correlated to safety and efficacy assessments. Specifications 
should allow for the inherent variabilities exhibited by the production 
process and by the assay. The traditional lot-release snecifications that 
apply to bioiogics may have to be re-examined for these product 
types. For example, the general safetv test stated in 2 1 CFR 610.11 
is-a lot-release &q&em&t that has been deieted for cell therapies, 
because tt exhibits little relevance for these products. 

Specifications for the product are anchored by an appropriate ref- 
erence standard for the product. The reference standard for the pro- 
duct ensures that the process, as measured by the release assays, does 
not change significantly over time. The reference standard is made 
from a lot that is produced under CGMP and passes all in-process 
and final release testing. In addition. this reference standard is sub- 
jected to an additionarlevel of characterization that includes tests 
not nonnally performed for product release. The reference standard 
need not be stored at the same dose, formulation, or temperature as 
the product. However, the stability of this reference standard needs to 
be determined. The reference standard verifies that a test produces 
acceptable results (passes its system suitability tests). Alternatively, 
a specific assay standard (working standard) can be used. If so, in 
the test it should behave similarly to the reference standard. Changing 
to a new reference standard [lot) should include many tests, all of 
which are run side by side with the existing reference standard. 
The impact of any change in the properties of the new reference stan- 
dard should be carefully evaluated before it is adopted. One option for 
a reference standard for a cell product with a short shelf life or for a 
patient-specific application can be a bank ofnormal donor cells of the 
appropriate cell type. This cell bank can be used to ensure that the 
manufacturing process is capable of making a conststent product. 

Production of a safe and efficactous product involves establishing 
not only lot-release specifications but also specifications designed to 
maintain control of the manufacturing process and the final product. 
This includes in-process specifications (see In-Process Controls), raw 
matenal and excipient specifications (see Raw Muter&), product-re- 
lease specificahons, and shelf-life specifications. Specifications 
should be established for acceptance of raw materials and exctptents 
used in the final formulation of the product. In addition, tests should 
be performed at critical decision steps during manufacture or at pomts 
where data serve to confiml consistency of the process. In-process 
release specifications should be established for each control step. Het- 
erogeneity can result from the manufacturing process or storage of the 
product. Therefore, the manufacturer should define the pattern ofhet- 
erogeneity within the product and estabhsh hmits that will maintain 
the therapeutic efficacy and safetV of the product. 

In some cases, specnications may be established for lot release as 
well as for shelf life. As discussed m ICH gutdeline QSC, presented 
under Quality of Biotechnologlcal Products: S’tabiiip Testing of Bio- 
techno~ogxalL3io/ogmzf Products (1049), the use of different speci- 
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fications should be supported by sufficient data to demonstrate that 
the clinical performance is not affected. Acceptance criteria should 
be established and justified on the basis of data obtained from lots 
used m meclinical and clinical studies and lots used for demonstration 
of manufacturing consiste?cy and on the basis of relevant develop- 
ment data,, such as those ansmg from validated analytical procedures 
and stabdlty studies. Acceptance criteria should also be correlated 
with safety and efficacy assessments. 

ing effort ~111 be successful for patient-specific therapies. However, 
the success rate should be established and tracked so as to discover 
any decrease in that rate and to take actions to correct the problem. 
Well-characterized banked pnmary cells may be used in the valida- 
tion of the process if the donors have a range of profiles expected for 
the patient population to which the therapy will ultimately be direc- 
ted. Trending of a number of statistically acceptable product admin- 
istrations can also be appropnate. 

Once specifications have been established, test results should be 
trended. Results that are out of specification (OOS), or even those that 
are out of trend, need to be mvestlgated prior to dispositioning of the 
material. The purpose of an investigation is to determine the cause of 
the discordant result. The FDA’S Draft Gulduncefor Indus@~: Inves- 
tigatlng Out of Specification (00s) Test Results for Pharmaceutical 
Production provides a systematic approach for conducting an inves- 
tigation. An assay result can be rejected if it can be confirmed that an 
error, such as an analyst error, calculation error, or equipment failure, 
has taken place. If the investigation concludes that the product is not 
within the specification, the lot should be rejected. In unique situa- 
tions, a product that does not meet all specifications may have to 
be administered to a patient. However, procedures must be in place 
to govern the communication of the 00s results to the physician or to 
the person responsible for making the decision to use the product and 
to provide instruction for any follow-up testing, patlent monitoring, 
and communication of those results. 

3 

Considerations for Validation 
The potential for wide biological variation in cell and gene therapy 

products, particularly for patient-specific treatments, affects the vali- 
dation effort. Nevertheless, the basic principles of process validation 
for any biological product, including those recommended by the ICH 
and FDA guidance documents and recommended under Validation of 
Compendial Methods (1225) and tilidation of Microbial Recovery 

from Pharmacopeial Artzcles (1227), apply to the validation of most 
cell and gene therapy products. Guidelines for validating viral vac- 
cines can be relevant to gene therapy processes that produce viral vec- 
tors. The hold steps in a manufacturing process should be validated to 
ensure that in-process intermediates are within specification and that 
the final product can be formulated successfully. Any assay used dur- 
ing the process validation must itself be validated before the process 
validation is commenced. 

Process validation for patient-specific products, such as autologous 
cell therapy products or custom gene therapy products, presents some 
unique issues. First, the starting materials for patient-specific pro- 
ducks typically arise from patient-derived mategals, suck as biopsy 
material or aoheresis cell products. The process should be designed 
to accept a wide range in the quality and quantity of starting mat&al. 
Sometimes use of alternative procedures with additional steps are re- 
quired when the starting material is of poor quality or below specified 
amounts. Validation should confirm that these alternative procedures 
still result m a final product that satisfies release specifications. Pro- 
cedures should also be in place to deal with receipt of substantially 
more of the starting material than normally expected. Such proce- 
dures should address the disposition of the extra material. Second, 
manual processing of cells and tissues will exhibit a degree of inher- 
ent variability. It is essential to develop processing steps that will suc- 
cessfully and consistently result in appropriate process components 
and final product, even if the process is confronted with nonstandard 
or vanable tissue matenals, such as a pcell suspension contammated 
with red blood cells or low-weight biopsy matenal. Process validation 
should take this variability into consideration and ensure that critical 
manufacturing and testing endpomts consistently meet specifications. 
The process validation shows that the procedures can produce a pro- 
duct free of microbial contamination. It should also show that there is 
no cross-contamination among different patlent product lots. If pos- 
sable, the process should be validated for virus clearance as discussed 
in ICH QjA: Era1 safe@ evaluation of biotechnology products de- 
rived from cell lines of human or animal origin. If this IS not vossible. 
cells bsed for produciion of the product should be evaluated&for thei; 
ablhty to propagate viruses that are known to contaminate these cells 
or source matenals. This should mclude raw materials used as ancil- 
kuy products. 

As a result of the variability discussed above, the consistency and 
the robustness of the manufacturing process need to be assessed by 
testing more than three lots. It is not expected that every manufactur- 

MANUFACTURING OF CELL THERAPY 
PRODUCTS 

Introduction 
Cell processing for cell therapy applications is a unique form of 

biologics manufacturing that relies on maintenance of stringent work 
practices designed to ensure product consistency and prevent contam- 
ination by microorganisms or by another patient’s cells. Hallmarks of 
this unique form of manufacturing can include products with limited 
shelf lives, the need for rigorous control dunng manual processing 
steps, a manufacturing environment in which many product lots are 
simultaneously processed and assembled, raw materials that may or 
may not be part of the final product, and numerous pieces of proces- 
sing equipment. By its very nature, cell processing requires a number 
of operations and manipulations by individuals well trained in aseptic 
processing techniques. Tbe technical competence of the personnel is 
particularly crucial to product safety and efficacy with this form of 
manufacturing. Procedures involving lot segregation, line clearance, 
and operational discipline must be developed to decrease the chance 
of mix-up of patient-specific lots. 

The degree of control required for cell processing operations is 
highly dependent upon a number of factors, including the complexity 
of an aseptic manufacturing process, the primary site of manufactur- 
ing, and the mode of administration of the cell product to the patient. 
Manufacturing processes that involve open manipulation of the cells 
even in a biological safety cabinet are at greater risk of contamination 
than the processes done in closed bioreactors or intravenous transfer 
bag systems that use sterile connection devices and tube-sealing de- 
vices. Clean rooms and biological safety cabinets are essential com- 
ponents for processes that involve open manipulations or for patient- 
specific products. The controlled environment of a carefully de- 
signed, constructed, validated, and maintained clean room will mini- 
mize the risks of environmental contamination during aseptic 
processing and decrease the possibility of cross-contamination of pa- 
tient-specific products. Processes that utilize closed systems do not 
require clean room environments. 

Procurement of Source Material 
A variety of human- and animal-derived tissues, which can also 

include whole organs, serve as sources of cells for cell therapy pro- 
ducts. Examples include skin, muscle, cartilage, bone, neural tissue, 
bone marrow, blood vessels, parenchymal cells from organs such as 
the liver, pancreas, and adrenal glands, and stem cells from adult and 
fetal tissues. A few general principles in the sourcing of these tissues 
are as follows: (1) systems must be developed so as to allow the ma- 
terial to be traced back to the donor: (2) steps must be taken to prevent 
the transmission of an infectious disease from the donor to the reci- 
pient; and (3) adherence to aseptic procedures during procurement 
and initial processing are necessary to ensure the safety of the final 
product because terminal sterilization of cells is not possible. 

HUMAN TISSUE 
Human-derived tissues may be sourced from normal healthy do- 

nors, cadaveric donors, or diseased patients, such as those with can- 
cer. Applicable guidelines and standards for the procurement of 
human tissue are available from the American Association of Tissue 
Banks (AATB) and the FDA. Additionally, the federal policy in 45 
CFR Part 46 is applicable to ail federal or federally supported re- 
search. This policy requires that a certified institutional review board 
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review and approve use of any tissue taken from a live human donor. sues requiring dissection and surgical procurement. The air quality 
The poticy also includes special considerations for research on pris- provided in a typical limited-access operating room is adequate for 
oners, children, and pregnant women or research in other areas invol- such procedures. Procurement personnel must be appropriately 
ving gestational tissue. In all cases, appropriate written consent must tramed in all aspects of tissue recovery, such as surgical scabbing, 
be obtained from the donor or the donor’s next of kin, describing gowning, operating room behavior, anatomy, surgical site prepara- 
which tissue IS being procured and for what use it IS mtended. The tion, and antisepsis. Special care is required when tissue or organ pro- 
donor must meet established guidelines for donor suitability and be curement requires extensive manipulation of the bowel and when 
tested for the infectious diseases listed in Table 4. The medical history sharp dissectIon may result m the inadvertent puncture of the bowel. 
of the donor must be reviewed to ensure the absence of signs and Tissue that contains microbial flora (for instance, skin) at the time of 
symptoms of these diseases and to rule out issues and behaviors that procurement can be adequately disinfected by using antimicrobial or 
increase the nsk of exposure to such diseases bactericidal agents and extensive scrubbing. 

Human tissue should be obtained under environmental conditions 
and controls that provide a high degree of assurance for aseptic recov- 
ery. Standard hospital operating room practices are applicable for tis- 

Table 4. Infectious Diseases Testing for Human Cells and Tissues Used in Cell Therapy Products 

Testine’ 
HIV I,2 Treponema pal- 

Cell Type Hepatitis C Hepatitis B HTLV Cytomegalovirus lidum 

Autologous stem cells 
Other autologous tissue :: :: :: 

R 

Allogeneic stem cells from fa- 
milv-related donors X X X X X X 
Other allogeneic tissue X X X X X X 

X-required 
R-recommended; the labeling stating “tested negative” or “not tested for biohazards” may be required 

. For autologous or allogene~ cord blood donors or fetal tissue, a mother’s sample may be used for testtng. 

HUMAN BLOOD AND BONE MARROW 

Hematopoietic progenitor cells represent one of the most exten- 
sively used cell sources in the field of human transplantation. These 
cells can be collected from the bone marrow, peripheral blood, pla- 
cental umbilical cord blood, or fetal liver. The source of cells is some- 
what dependent upon the patient, the disease, and the clinical 
protocol. Regardless of the cell source, methods for processing the 
cells are similar. 

Human-derived blood cells and bone marrow cells may be sourced 
from normal, healthy donors or patients with hematological disorders. 
Applicable guidelines and standards for the collection and processing 
of these materials have been published by the American Association 
of Blood Banks (AABB), the Foundation for the Accreditation of He- 
matopoietic Cell Therapy, the National Marrow Donor Registry 
(NMDR), and the FDA. Similar issues regarding consent, infectious 
disease testing, and donor medical history apply in the sourcmg of 
blood- or bone marrow-derived cells for allogeneic transplants. In 
cases where these cells will be subjected to selection, expansion, ge- 
netic manipulation, or other complex processing procedures, the test- 
ing outlined in Table 4 should be followed. 

Bone marrow for clinical use is harvested predominantly by percu- 
taneous needle aspiration of the anterior or posterior iliac crests or the 
sternum. Standard hospital operating room practices are employed by 
specially trained personnel. Plastic synnges and commercially avail- 
able aspiration needles are used to draw 3- to S-mL volumes of mar- 
row from each site of penetration. The material is transferred to a 
sterile, balanced salt solution or tissue culture medium containing suf- 
ficient anticoagulant. such as heparin, to prevent clotting. Removal of 
bone spicules may be accomplished by passing the matella through 
stainless steel mesh screens or collection kits consisting of stenle, 
plastic collection bags with in-line filters having about a 200-pm po- 
ronty. The volume of marrow collected is dependent upon the body 
weights and other characteristics of both the donor and the recipient. 
The maximum volume to be harvested from a donor 1s about I 0 to 15 
mL per kg of body weight. 

Circulating hematopoietic, peripheral blood progenitor cells 
(PBPCs) comprise a small population of perrpheral blood mononuc- 
lear cells that can be utilized in place of or m addition to bone marrow 
PBPCs are collected by apheresis, a procedure by which donor blood 
is withdrawn from a vein and separated ex vivo mto some or all of Its 
component parts. One or more of the components are retained as the 
harvest and the remaining parts are returned to the donor. Condltion- 
ing of the donor may enrich the number of circulating PBPCs in the 

harvest. Examples of such conditioning include collection during re- 
covery corn myelosuppressive chemotherapy and administration of 
hematopoietic growth factors, such as granulocyte colony-stimulat- 
ing factor (G-CSF) and granulocyte-macrophage colony-stimulating 
factor (GM-CSF), or steroids. Collections are also improved by in- 
creasing the frequency or volume of apheresis. Apheresis requires 
one or two large-bore peripheral venous catheters in the upper extre- 
mities or a single large-bore, thick-walled, central venous double or 
triple lumen catheter (Mahurkur type). Two types of apheres:s tech- 
nology are available: the discontinuous-flow cell separators (Haemo- 
netics) and the continuous-flow systems (COBE or Fenwall). 
Anticoagulation for normal to high flow rates is with a citrate-based 
material. In a closed system, the risk of contamination is low. The 
procedure is generally perfomled by trained, dedicated staff in a 
blood bank or in a donor center associated with a blood bank. 

Placental and umbilical cord blood provides a third source of he- 
matopoietic progenitor cells. Compared to bone marrow and PBPCs, 
the stem cells of placental and umbilical cord blood have a higher 
proliferative and self-renewal capacity. Volume of collection and thus 
cell number are limited and depend upon timing and the presence of a 
dedicated team of personnel. Collections are made during the thud 
stage of labor. Typically, a closed method of collection is employed 
and involves cannulation or puncture of the umbilical vein with sub- 
sequent collection into plastic syringes or blood collection bags con- 
taining citrate-based anticoagulant. The procedure is performed in a 
controlled-access room away from the site of buth. Cellular content 
of the collection includes large numbers of erythrocytes, leukocytes, 
platelets, and target mononuclear cells. An open collection technique, 
which involves drainage of the blood by gravity from the cut end of 
the cord into sterile tubes containing anticoagulant, does not afford 
the same aseptic assurance level as the above-mentioned technique. 

A major area of concern with the use of placental and umbilical 
cord blood relates to potential risks of unknown genetic disorders that 
may be transmitted to the recipient. Donor suItablhty IS estabhshed by 
the usual infectious disease screening of the mother and the comple- 
tion of a medical questionnaire. The donation remains anonymous 
and without any long-term follow-up of the child. 

ANIMAL TISSUE 6 . 
The major area of concern with the use of animal tissue relates to 

the known and unknown risks of potential mfectlous disease trans- 
mission to humans, and as such, the transplantation of animal cells 
raises unique public health concerns. Introduction of xenogeneic III- 
fectlous agents into and propagation through the general human po- 
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‘I 
pulation is a risk that must be addressed. Draft Public Health Service 
(pHJ1 Guideline on Infectious Duease Issues in ‘Yenotransplantation 
<Augbst 1996), and any other related regulatory documeits that are 
generated as thu field advances, must be consulted when developing 
xenotransplant cell therapy products. Developers of such products 
should understand that the product recyxents will be subJected to a 
high level of scrutmy (for Instance, climcal and laboratory surveil- 
lance or registry in xenotransplantation databases) because of the 
above-men;oned pubhc health concerns. 

‘3 

The use of animal tissue in the manufacture of cell therapy pro- 
ducts requires that the tissue be sourced in a controlled and documen- 
ted manner and from animals bred and raised m captivity in countries 
or geoeraohic regions that have appropnate national health status. 
d&asep;eventi&, and control s$stems. In addition, the care and 
use of animals should be approved by a certified instltutional animal 
care and use committee. Donor animals must have documented line- 
age., be obtained from closed herds or colonies, and be under health 
maintenance and monitoring programs. The facility for housing these 
animals should be USDA certified (large vertebrate animals) or As- 
sociation for Assessment and Accreditation of Laboratory Animal 
Care International (AAALAC) certified (small vertebrate animals) 
and should meet the recommendations stated in the Guide for the 
Care and Use of Luboratoy Animals (National Research Council, 
1996), which can be obtamed from the AAALAC. Such facility 
should be staffed with veterinarians and other trained personnel 
who will ensure animal health and disease prevention. The proce- 
dures employed in the facility should be documented and records 
should be kept. Health maintenance and monitoring programs are 
based on standard veterinary care for the species and include physical 
examinations, monitoring, laboratory diagnostic tests, and vaccina- 
tions. Use of a stepwise batch or all-in-all-out method of movement 
ofsource animal through the facihty, rather than the continuous repla- 
cement movement, is recommended. It allows the decontamination of 
the facility prior to the introduction of the new set of animals, thereby 
reducing the chance of disease transmission. Feed components 
should be documented and should exclude, whenever possible, re- 
cycled or rendered materials that may have been associated with 
the transmission of prior-associated diseases. 

jr To provide a high degree of assurance of product safety, screening 
of donors and of tissues derived from these donors should be oer- 
formed at several stages throughout the process to rule out the ire- 
sence of microbial agents. These control tests should utilize assays 
that are sufficiently sensitive and specific to detect bacteria, myco- 
plasma, fungi, or viruses of interest. Donor animals can be screened 
for certain diseases prior to donation of tissue by applying a variety of 
serological monitoring tests. Tissues can be subjected to a panel of 
tests including, but not Limited to, the following: 
1. test for sterility; 
2. test for mycoplasma; 
3. test for cultivable viruses in vitro; 
4. test for unknown viruses by inoculation of various laboratory 

animals; 
5. tests for xenotroplc endogenous retrovimses and other animal 

retrovimses by in vitro cocult~vation techniques, biochemical 
methods (for instance, to detect viral reverse transcriptase), 
and molecular biology assays (such as PCR assay for viral geno- 
mic sequence detection); and 

6. direct detection or observation methods such as electron micro- 
scopy, detection of specific Ural antigens by fluorescent anti- 
body microscopy, or enzyme immunoassay methods. 

Most of these tesis are addiessed under Anal$al Methodologies 
or under Bzotechnolopv-Derived Articles (1045) and Viral Safetv 
Evaluatzon of Biotech‘;;olo,ay Products Dekvedjrom Cell Line> (;r 
Human or Animal Origin (1050). Post-tissue retrieval necropsies, 
sentinel animal programs, and archival storage of donor organs, tls- 
sues, blood, and other specimens are additional components of the 
overall program to ensure the safety of animal tissue for use in cellu- 
lar therapeutic applications. 

Most of the same aseptic procurement Issues apply to animal tissue 
and to human tissue. Again, the tissue should be obtained under en- 
vironmental conditions and controls that provide a high degree of as- 
surance of aseptic recovery. Specifically designed procurement 
facihtles, usually closely associated with the animal holding facility, 
are typically employed. These facihties have specific attributes and 
design features that may not be available or applicable in the hospttal 
operating-room setting. Such features include the following: (1) sta- 
ging of various events, such as shavmg, sedation, and operating-room 
preparation, in different rooms that are often separated with air locks 

for environmental control; (2) high-efficiency particulate air (HEPA) 
filtration; (3) adjacent but separate facilities for further trssue proces- 
sing; and (4) dedicated areas for carcass removal. The issues regard- 
ing the training of personnel, bowel manipulation and puncture, and 
disinfection that are applicable to human tissues apply to the surgical 
procurement of tissue from animals as well (see Human Tissue). 

Cell Isolation and Selection 

GENERAL CONSIDERATIONS 

The general principles for processing human and animal tissues 
following aseptic procurement are independent of the tissue source. 
The manufacture of cell products may occur at a clinical site or at a 
central cell-processing facility. Sites involved in cell processing 
should ensure reproducibility and safety of the manufactured pro- 
ducts through appropriate QC and QA programs. 

Regardless of the location, processing should occur in a dedicated 
area physically separated from the site of procurement. To the greatest 
extent possible, the facility design and orocessine procedures should 
be consistent with those piovidea by thk FDA’s &ldehnes on Sterile 
Drug Products Produced bv Aseutic Processine fJune 1987). or oro- 
videvd under Sterile Dntg ProdLcts for Homevcse (1206)“for bra- 
cesses involving open manipulation. Generally, this reqbires *that 
orouerlv trained and outfitted processmq staff handle blood or tissue 
Samples in a critical zone supplied with-class 100 HEPA-filtered air, 
which is provided by a blological safety cabinet located in a con- 
trolled clean room supplied with class 10,000 HEPA-filtered au. 
The facility and processing areas should be monitored for air quality 
in a manner that provides a high level of process aseosis. For eui- 
dance in this are< see Microbiological Ev&ation of ‘Clean Rooms 
and Other Controlled Environments (ill 6). The material should be 
packaged in sterile, leak-proof containers ‘and transported from the 
procurement area to the processing area under controlled conditions 
that maintain cell viability. The fluid medium in which the specimens 
are bathed during transpdrtation should be optimized to macntain cell 
and tissue viability. This transport medium can be supplemented with 
antibiotics. If so, the antibiotic levels in process buffers are decreased 
and eventually eliminated during subsequent processing steps, so that 
antibiotics are not present in the final cellular product. In the case of 
blood products or tissues containing substantial amounts of blood, the 
transport media or buffered electrolyte solution should contain an an- 
ticoagulant such as heparin or a citrate-based material. 

ISOLATION 

Solid organs or tissues are usually dissected to expose a desired 
region. This material may be used as is for transplantation or It 
may be processed further. If multicellular oreanoids (for instance, is- 
lets of Langerhans) or single-cell suspensions are desired, the tissue 
may be subjected to mechanical or enzymatic disaggregation. Physi- 
cal disaggregation may be accomplished through the use of instru- 
ments that impart high shear forces on the material (namely, to 
homogenize) or break the tissue into smaller pieces. Alternatively, 
the material can be pressed or passed through screens of defined mesh 
sizes. 

Enzymatic dlgestion of the extracellular connective tissue, which 
holds cells together within the tissue, is another common method for 
dissociating solid tissue. Typically, the tissue is minced into small 
cubes, usually larger than 1 mm3, and incubated in a buffered solution 
contaming a digestive enzyme. Altematlvely, the intact organ IS in- 
fused with a solution to rinse the blood from the tissue followed by 
the enzymatic solution that aids the digestion. Vanous enzymes are 
used to accomplish this. Examples include collagenase, trypsin, elas- 
tase, hyaluronidase, papain, and chymotrypsin. Enzymes with nucle- 
ase activity, such as deoxynbonuclease, may be added to digest 
nucleic acids released from damaged cells, preventing excessive cell 
clumping. At the end of the incubation process, the cell suspension 
may be subJected to a mild pumping action to further break up multi- 
cellular clusters into those of desired size or composition. Enzymatic 
and physical disaggregation methods are often combmed to achieve 
the desired result. 
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Because cells isolated from blood and bone marrow products are 
mherently cell suspensions, mechanical manipulation is limited to 
plasma removal, which is accomplished by centrifugation and physi- 
cal removal of clots that occurred during transport via 200-pm filtra- 
tion. 

SELECTION 

Cell suspensions at this stage may be transferred directly to culture 
vessels as-described for Projagahon under Cell Propagation and 
Differenfiation. aeneticallv manmu1ated as described under htroduc- 
t&z of Genetic katerial &to Cells, or formulated by various techni- 
ques as described under Formulation of Cell Therapy Products. Cell 
suspensions often consist of a mixture of cell types that may require 
further processing to isolate a cell population of interest or to decrease 
the level of an undesirable cell type such as potentially contaminating 
tumor cells. Various cell tsolation and separation techniques exist that 
provide high yields of pure cell popula6ons. 

Each cell type typically possesses specific size and density; there- 
fore, different cell types will sediment at different rates in a centrifu- 
gal field or at unit-gravity. Cell populationscan be selectively 
sedimented to yield pure fractions by varying the centrifugation 
forces and the duration of centrifugation. Separation can also be 
achieved by isopycnic centrifugation, where the cell suspension is 
centrifuged in a gradient medium that encompasses all of the densities 
of cells in the sample. In this procedure, the various cell populations 
sediment to an equilibrium position at the gradient density equal to 
the density of the cell population. Specifically designed continuous- 
flow elutriation centrifuges separate cell populations by subjecting a 
cell suspension to opposite centrifugal and fluid stream forces tn a 
special chamber within the centrifuge rotor mechanism. Cell popula- 
tions separate within the rotor on the basis of their various sizes and 
densities, and they are selectively eluted out of the rotor chamber by 
increasing the fluid stream force. Finallv. methods that do not reauire 
centrifugation but instead involve the a&ition of high-density agents, 
such as hydroxyethyl starch, to the cell suspension will result in cell 
separation. The mixture is allowed to settle in a tube at unit gravity, 
resulting in the separation of different cell types based on buoyant 
density. Concentration and separation procedures such as these fre- 
quently result in cell loss due to clumping and aggregation. 

Cell separation can also be achieved by applying techniques that 
take advantage of unique cytological or biochemical characteristics 
of different cell populations. Soybean agglutinin binds to and agglu- 
tinates cells that bear a particular carbohydrate moiety expressed on 
mature blood cells, but not stem cells, allowing for purification of the 
stem cells. Lymphocytes possess the CD2 antigen that acts as a recep- 
tor for sheep red blood cells. The lymphocytes foml rosettes. which 
then can be separated via differential centrtfugation. 

Some applications take advantage of the ability of certain cell po- 
pulations to adhere to the surface of specific solid substrates such as 
tissue culture plastic, collagen-coated materials, and natural and syn- 
thetic polymeric scaffolds. The specifically bound cell type is selec- 
tively recovered onto the surface and removed from the untial cell 
suspension When placed under the appropriate culture conditions, 
these cells wdl multiply and eventually occupy the available surface 
or void volume of the substrate. 

Monoclonal antibodies directed against specific cell surface anti- 
gens or receptors can be used for both positive and negative cell se- 
lection. For example, a monoclonal antibody-labeled cell population 
can be removed from the cell suspension immunof,la~~etzcalIv..v. after 
exposure to magnetic partrcles coated with antimonoclonal antibody. 
The magnetic particles and their bound cells are removed from the 
cell suspension magnetically. Cells are released from the complex fol- 
lowmg mcubation with reagents, such as specific peptides, that dis- 
sociate the monoclonal antibody from the cell. Unlabeled cell 
suspensions can be poured over or incubated on surfaces such as plas- 
tic flasks or microspheres coated wtth monoclonal antibodies as a 
means of isolating particular cell populations. In addition, a fluores- 
cence-activated cell sorter (FACS) can be used to separate different 
cell ,types by bmdmg antibodies tagged with fluorescent markers to a 
particular cell type. 

Various other techniques purify particular cell populations by de- 
stroying unwanted cells present in the mixture. For example, certain 
cell-bound monoclonal antibodies are able to fix and activate comple- 
ment, whtch is added to the cell suspension, resulting in lysis of the 
cell. Some procedures use cytotoxic agents or mitotic tnhibitors to 
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selectively impede or kill unwanted cells in a cell product. These 
methods typically target an unwanted cell subpopulation with a high 
growth rate, such as tumor cells. Finally, an antibody can be conlu- 
gated to a toxic moiety, such as ricm, allowing delivery of the cyto- 
toxic agent to the targeted cell population. Most of these 
proceduresrequire several washing steps after the exposure of the 
cells to the cytotoxtc agents to ensure the removal of the dead cells, 
cell fragments, and cytotoxtc agents from the final cell product. 

Cell Propagation and Differentiation 

PROPAGATION 

A key issue for cell therapy products is the ability to manufacture 
and deliver a therapeutically relevant dose of the required cell popu- 
lation to the patient. Depending on the application, the product may 
be a pure, homogeneous cell type or it may be a mixture of different 
functional cell types. Many target cell populations are present at low 
level or low purity in complex primary source tissues. In such cases, 
production of a therapeutic dose may be achieved only by specific 
enrichment and propagation of the required cells. 

Propagation of cells may occur in suspension culture (for example, 
Tcells or hematopoietic stem and progenitor cells), adherent culture 
(for example, mesenchymal stem cells, embryonic stem cells, neuro- 
nal stem cells, or dermal fibroblasts), or a mixture of both (for exam- 
ple, bone marrow stroma expansion). Numerous devices of varying 
degrees of sophistication and automation exist for cell culture. 

In the simplest iteration, cells can be propagated in tissue culture 
flasks (T flasks), roller bottles, on polymeric scaffolds, or nonrigid, 
gas-pemreable bags inside regular incubator units that are controlled 
for temperature, humidity, and gas composition. Multilayered plastic 
cell factories, cell cubes, and multi-bag systems have been developed 
that enable expansion, harvesting, and formulation to be carried out in 
a closed system. 

Traditional small-scale fermenter units can be used for expansion 
of cells in suspension culture. It is also possible to expand adherent 
cells in such units either by providing a surface for attachment (coated 
beads or disks) or by adapting the cells to propagate in suspension 
culture. Some culture systems are specifically designed for the propa- 
gation of cells for therapeutic applications. These systems tend to be 
closed systems that use disposable bioreactor cartridges, such as those 
made ofhollow fiber or molded plasttc, in automated processing units 
with direct control of parameters such as temperature, gas composi- 
tion, and media perfusion rate. These units can provide a completely 
automated, closed system for expansion and harvesting. In some 
cases the automated software is set up for patient-donor tracking 
and will document culture conditions and manipulations for the entire 
processing run. These features are useful in the design and implemen- 
tation of QC product-release testing programs and for the QA docu- 
mentation of processing runs. 

In the case of adherent culture, the cells are usually released from 
the surface upon which they have expanded. Methods of release in- 
clude physical agitation, enzymatic cleavage with enzymes such as 
porcine or bovine ttypsin, collagenase, or dextranase. chelation of 
metal ions (for example, with edetate disodium), and competitive in- 
hibition of adhesion or matrix molecules. As described above, con- 
sideration must be given to the source, safety, toxicology, and residual 
testing for any reagent used to release adherent cells during manufac- 
turing. 

Some product-specific systems that do not require the release of 
adherent cells have been developed. In these systems, the cells are 
expanded upon a synthetic or natural matrix that is then apphed topi- 
cally (for example, in demral repair products) or the cells are grown 
inside or outside of fibers for ex vivo perfuston (for example, hepa- 
tocytes in hollow-fiber devices to treat liver disease). In these appli- 
cations, the matrix and device composition must be blocompatible 
and, in some cases, biodegradable. 

In all of the above systems, standard cell culture parameters must 
be optimized for maximum process efficiency, Such parameters m- 
elude composition of cellular source material, initial seeding density, 
media compositton, rate of media exchange, temperature, gas compo- 
sition, and rate of delivery. Depending on the nature of the product, 
the potential effect of process parameters on the potency and function 
of the target cells should be defined. 
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In closed bioreactor systems, it can be difficult to observe or sam- 
pie ceils so as to determme and control the rate of proliferation and 
thereby the point of harvest. Measurement of traditional fermentation 
parameters. such as rate of nutnent usage or productlon of metabolic 
products, can provide a surrogate method, amenable to validation, 
with which to evaluate the rate of proliferation and predict when to 
harvest the cell product. The relationship of such parameters to the 
vlabihty, potency, and function of the cell product should be well de- 
fined. Postexpansion purification and enrichment of target cells by 
using methods such as those described above may be required. 

DIFFERENTIATION 

Some cell therapies requu-e lineage or functional differentiation of 
the source cells. For example, hematopoietic stem cell expansion pro- 
cesses normally result m products containing a mixture ofmultipotent 
stem cells, lineage-committed progenitor ceils, and lineage-differen- 
tiated cells. The composition of these products can be mampulated by 
using different combinations of growth factors and cytokines during 
the expansion process. The inverse is true for processes in which ma- 
ture cells are de-d(,@r-entiated to enable them’ to then be recommitted 
to a lineage pathway (for example, chondrocytes m cartilage repair). 

Specific examples of ex vivo manipulation are the programming of 
professional antigen-presenting cells. such as dendritic cells and 
monocytes or macrophages, and the production of antigen-specific 
Tcells to target various specific disease indications. In these applica- 
tions, the manipulated cells may be engineered to target and attack a 
specific tumor or tumor cell type, to induce a specific antibody or 
other cellular response, or to potentially vaccinate a patient. The pro- 
cesses for production of such products can involve one or more ex- 
posures of the relevant cells to disease-specific synthetic immunogens 
(for example, peptides) or natural immunogens (for example, dead 
tumor cells, viruses, cell membrane fractions, or purified natural mo- 
lecules) before, after, or during culture expansion. Alternatively, the 
target cells may be genehcaily engineered with a specific gene pro- 
duct, such as an HIV-specific receptor. In some applications, relevant 
cells are cocultured with tumor cells, other diseased cells, or cells pro- 
ducing a transduceable or transfectable gene construct to generate a 
specifically targeted product. 

Again, prior to delivery, the mampulated target cells may require 
furt&r ptinfication and enrichment by applyrng the methods de- 
scribed throughout this section. In the case of certain T-cell products. 
the desired antigen-specific cells can be cloned and then f&her ex: 
panded to provide the therapeutic dose. 

Introduction of Genetic Material into Cells 
A common extension of cell therapy involves the introduction of 

genetic material, usually DNA, into cells to alter their pattern of gene 
expression. For the purpose of this section, it is assumed that the nu- 
cleic acid is DNA. Similar scenarios can be applied to RNA or a de- 
rivative of DNA, except that the stability and solubility of the 
particular nucleic acid may dictate modifications of certain steps. This 
process is often referred to as ex viva gene therapy, because the cells 
are removed from the patlent or donor and the genetic material is in- 
troduced while the cells are outside of the body. Genetically modified 
ceils are then administered to the patient. The genetic material mtro- 
duced can either cause the expression of new genes and products or 
cause the inhibition of the expression of already expressed genes and 
products. The latter represents a type ofantisense therapy. The genet- 
ic material can be introduced by the same range of reagents that are 
involved with gene therapy: vu-al vectors, nucleic acids in a simple 
formulation (naked DNA), or nucleic acids formulated with agents, 
such as hposomes, that enhance their ability to penetrate the cell. 
Most of the steps and considerations discussed above also apply to 
the ex wvo introduction of genetic material into cells. However, the 

a 

mam goal of ex vivo thempy IS to develop robust processes that will 
work with the majority of patient’s or donor’s cells. This takes con- 
siderably more effort than processes for cell lines. 

The method of mtroduction of new genetic material into cells de- 
pends on the biology of the system and the desired stability of gene 
expression. If a simple retroviral vector such as Molony murine leu- 
kemia virus is used for transduction, the cells must be actively divid- 
ing because vector DNA is only integrated into the cellular DNA 

during replication. This usually leads to long-lasting expression of 
the desired gene product. Adenoviral vectors, naked DNA, or formu- 
lated DNA can be introduced into nondividing cells However, gene 
expression will be transient, because the introduced DNA will usually 
be extrachromosomal. 

The main challenge is to achieve efficient transduction or transfec- 
tion. introducing sufficient DNA mto the cell before the DNA de- 
grades. In the case of transduction by retroviral vectors, vectors 
derived from simple retrovimses, cells are stimulated with reagents 
that cycle them into the S phase (rephcation) at the time the vector 
is applied. Most retroviral vectors are stable in cell culture for a penod 
up to a few hours. Because diffusion IS mimmal, only a small fraction 
of viral particles will come into contact with cells over this period. 
The following techmques can be used to increase the number of viral 
particles that contact the cell in a given time period: 
1. maximization of viral parhcle concentration and mmimlzation of 

2. 
the media volume during the transduction step 
multiple applications of the Virus 

3. centnfugation of virus particles onto the cells 
4. placing of cells on a filter and slow pulling of viral media 

through the filter 
5. addit& of binding-enhancing polymers to the media 

NOTE-COCU~~I~~ of the target cells with the viral oroducer cells 
is not recommended. This technrque increases the chance of a recom- 
binant event occurring and of the production of RCV. Furthermore, 
any product for which coculturing is used to transduce the human 
cells would be considered a xenotransplant if the producer cells were 
not human. The second cell type, whether human or not, may cause 
inflammation. 

Each of the above techniques has its own set of issues that must be 
addressed in order to develop a robust process. In technique I, reduc- 
tion of the volume during transduction results in rapid exhaustion of 
the medium; therefore, supplemental medium should be added within 
a few hours. In technique 2, the cells may no longer be in the correct 
cell cycle phase during later applications or cells may have become 
refractory because of unproductive transformation during the prior 
applicatibn. Techniques 3 and 4 can work well on a very s&all &ale, 
but the number of cells that can be transduced mav be insufficient to 
obtain an efficacious dose. In technique 5, polymers may fail to pro- 
vide a benefit because virus-binding may involve specific receptors 
whose surface density may prove to be the limiting factor. 

Similar issues and iechniiues can apply with other viruses or DNA 
oreoarations. The issue of slow diffusion is even more marked for the 
;se’of DNA preparations. Factors such as the cell type in which the 
viral vector was produced, the media used for vector production, and 
the purity of the vector can have a dramatic effect on the efficiency of 
transduction. 

While certain methods may not require cells to be actively cycling, 
in practice, most processes will require that cells be capable of repli- 
cation because of the following considerations: 
I. Safety considerations may dictate that only cells that express the 

new DNA are returned to the patlent, which requires that these 
cells be selected. As described below, the most common selec- 
tion method utilizes an antibiotIc-resistant gene that is co-intro- 
duced with the new genetic material. 

2. Further propagation may be required to achieve the therapeutic 
dose of cells. 

3. Economic, biological, or technical reasons may chctate that the 
DNA introduction step be carried out at a low cell number and 
that the desired cell population then be expanded to the reqmred 
dose. 

Therefore, conditions that enable the cell or maintam the cell’s abil- 
ity to proliferate must be developed in almost all cases. The biology 
of the cells, the available technology, and the process economics ~11 
determine whether cells are propagated before, after, or during the 
introduction of new genetic matenal. Most processes do m fact ex- 
pand the population after the introduction of the new gene. 

Whether cells that do not productively express the gene can be ad- 
ministered to pahents depends on the biology of the application, the 
dose required versus the handling capablhty of the manufacturing 
system, and most importantly, the toxic@ of the nonproductIve cell 
population. Selection of the genetIcally modified cell population is 
commonly carried out usmg an antibIotic-resistance marker gene, 
such as neomycin, which IS co-Introduced into the cell with the 
new genetic material. For neomycin selecbon, cells in culture are trea- 
ted with the antibiotIc G418 at a concentration and for a period that 
have been shown to kill cells with nonproductive expression, while 
allowmg the productively expressing cells to proliferate. In this man- 
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ner it is presumed that cells that are resistant to the antibiotic will also 
express the DNA of Interest. The expression should be tested as a lot- 
release requirement or verified in a series of mock runs. Because most 
antibiotics decrease cellular proliferation, optimization of the culture 
media composition may be necessary for efficient selection and pro- 
pagation of the gene-modified cells. 

Followmg the antibiotic selection step, a second phase of antibio- 
tic-free cell propagation may be required in order to achieve the de- 
sired dose and to nnse residual G4 18 out of the system. The selected 
medium and the total time that the cells are in culture can be critical to 
maintaining the desired expression of the original differentiated func- 
tions. An additional issue associated with the use of selection markers 
is that they generally are nonhuman genes. The expression of these 
genes usually elicits an immune response. 

Process development is often carried out with cells from healthy 
donors. Consideration should be given to the fact that for very sick 
patients, it can be difficult to obtain healthy cells that can be stimu- 
lated to undergo efficient, sustained replication. 

Formulation of Cell Therapy Products 

SUSPENSIONS 

Formulations for cell therapy products depend upon the desired 
length of storage and whether the-cells are administered as a suspen- 
sion or in combination with a matrix. Regardless of the route of ad- 
ministration, cells that will be administered as a suspension can be 
frozen or not frozen. The most common formulation for cells that 
are cryopreserved is a 5% to 10% solution of dimethyl sulfoxide 
(DMSO), with or without hydroxyethyl starch (generally 60/o), and 
a plasma protein, such as 4% to 10% human serum albumin, m a ba- 
lanced salt solution. DMSO prevents dehydration by altering the in- 
creased concentration of nonpenetrating extracellular solutions 
during ice formation at the time of freezing. The high molecular 
weigh7 polymeric hydroxyethyi solution protects the ccl% from dehy- 
dration as water is incorporated into the extracellular ice crystals. The 
use of protein often results m maximum recovery and viability of 
cells after thawine. Serum (5% to 90%) has been used in olace of 
specific proteins. Some cryopreservation formulations are completely 
free of protein. If the solution contams a buffer, the pH of the buffer 
should not be affected by changes in temperature. The optimal con- 
centration of cells for cryopreservatton depends on the cell type, but it 
generally ranges from 10h to 10’ cells per mL. The purity of the cell 
population can also affect recovery. For instance, granulocytes can be 
damaged by the ctyopreservative and the cell viability can decrease. 
These effects are dependent upon the concentration of cryopreserva- 
tive. Both effects subject the patient to an increased level of infusion- 
related toxicity, although this is related to the volume administered 
and the final concentration of the cryopreservative. 

Fomrulations for cell suspensions stored without freezing gener- 
ally contain cell culture media, often without any protein. Because 
cells continue to metabolize their media even at the reduced tempera- 
tures used for storage, the medium supplies the amino acids and other 
nutrients that help in maintaining cell viability. 

PRODUCTS COMBINED WITH BIOCOMPATIBLE 
MATRICES 

Many cell therapy products are admimstered in combination with a 
biocompatible matnx. For instance, wound healing or skin substttute 
products contain cells seeded on a matnx. The biochemical and phy- 
steal structure of the matrix and the method for combinmg cells with 
the matrix are specific to the application. Some common examples 
include the following: 
1. Cells loaded into a semipermeable membrane device-Usually 

the pore size of the membrane is large enough to allow the cell- 
secreted therapeutic factors to pass, but it IS small enough to stop 
unmunoglobulins and host cells from making contact with. de- 
stroying, or having an unmune response to thi therapeutic cells. 
The device can be a single hollow fiber or a semipermeable cap- 
sule with cells inside that secrete therapeutic compounds, or tt 
can be part of a larger system of pumps and filters, such as hol- 

low-fiber modules with hepatocytes for the treatment of liver 
disease. 
Cells seeded onto a three-dimensional matrix and allowed to 
propagate and form a tissue-like structure-In the resulting pro- 
duct, the cells are oriented m a unique manner that is unportant 
for the intended use of the product (for example, skin substi- 
tutes). In some cases, mechanical force has been used for proper 
cell orientation. 
Cells encapsulated in a gel or cross-lit&able polymer solution- 
The resulting implantable structure can serve as a culture vessel, 
as a means to shield the cells from the host’s immune system, or 
as a way to mold cells into a defined shape. Some of the poly- 
mers used include alginate, hyaluronic acid, collagen, chitin, or 
synthetic polymers. Encapsulated pancreatic P-islet cells have 
been implanted in patients to treat diabetes. To treat urinary in- 
continence, chondrocvtes have been mixed with alginate to form 
a structure’upon injection. 
Ceils adhered to matrices of defined shane that are then im- 
planted-some examples include osteogenic precursor cells 
on matrices of demineralized cadavetic human bone, ceramic 
hydroxyapatite, ceramic hydroxyapatite-tricalcium phosphate, 
or biodegradable glass, which can be used in the repair of bone 
defects. 

When manufacturing such products, the primary consideration is 
the sourcing of a quality matrix material. The matrix material should 
be biocomoatibie. should not interfere with cell function, and should 
not triggeran immune response in the patient. If it is intended that the 
cells proliferate after loading onto or into the matrix, the matrix and 
the supporting culture system must allow exchange of nutrients and 
waste products. Cells may form tissue-like structures under favorable 
conditions and for those applications where this is required. A thick, 
impermeable matrix will lead to forming regions of necrotic tissue. 
Many of these devices are designed so that they can be removed from 
the patient after a certain period of time. 

In all cases where cells are combined with biocompatible matrices, 
the use of closed systems for the manufacture and the delivery of pro- 
duct is preferable. As cell therapy products of this type can be quite 
intricate, the manufacturing details for such products are outside the 
scope of this chapter. 

MANUFACTURING OF GENE THERAPY 
PRODUCTS 

Introduction 
The principles applicable to the production of pharmaceutical or 

biological products are also relevant to the production of gene therapy 
vectors for therapeutic use in humans. The same CGMP requirements 
can be applied to determine product consistency, process validation, 
raw material qualification, and compliance of the manufacturing fa- 
cilities. Manufacturers will face development issues such as scalabil- 
ity, yield, cost efficiency, and product stability. 

Most gene therapy vectors have been produced only in relatively 
small batches necessary to meet the needs of early clinical trials m 
small numbers of patients. However, areas of raped progress are 
large-scale production of vectors, vector purification, and suitable 
analytical techniques. This section focuses on issues involved with 
designing vectors for gene therapy and choosing a productton tech- 
nology; It does not focus on specific production technologies. 

Design Considerations for Gene Vectors 

TYPES OF VECTORS 

A typical gene therapy vector is composed of (1) the vector back- 
bone, viral or plasmid, (2) a promoter, (3) the therapeutic gene of in- 
terest, including introns, and (4) a polyadenylation signal. Murine and 
human retrovimses, adenovixuses, parvoviruses such as adeno-asso- 
ciated virus (AAV), herpes viruses, poxviruses, toga vu-uses, nonviral 
plasmid therapy systems, and synthetic antisense-oligonucleotide 
therapy systems are being developed for gene therapy applications. 
The properties of these vectors (see Table 5) differ greatly in terms 
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of their capacity to deliver genes to cells. Some vtral vectors prefer- 
entially target divtding cells while others are capable of transducing 
both dividing and nondividing cells. There are significant variations 
in transgene capacity, meaning that there are limitations on the size of 
the foreign DNA fragment that can be incorporated into the recombt- 
nant genome. The ideeal.gene lkerupy vector has often been described 
as one capable of effictent transduction, targeted delivery, and con- 
trolled gene expression. The level, timing, and duration of gene ex- 

3 

pression required will depend on the clinical indication. Low-level. 
long-term gene expression is thought to be required for some diseases 
including adenosine deaminase (ADA) deficiency or type A and type 
B hemophilia. High-level, short-term expression may be more appro- 
priate for cancer when genes that Induce apoptosls are used, or for 
cardiovascular disease where preventing hyperproliferation of 
smooth-muscle cells may impede restenosls of saphenous vein grafts. 
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FAMILY RETROVIRIDAE 
Murine Leukemia 

Table 5. Types of Gene Vectors 

ADENOVIFU- 
PARV%%D*E 

HERPES-VIRI- NONVIRAL 
DAE DAE 

Herpes Simplex 
TOGAVIRIDAE POXVIRLDAE 

Pnxvirus Wacci- Plasmid derived 
Example Species Virus HIV Adenovirus AAV Virus Sindbis nia) 

Vector Clraructer*istics 
’ Insert size hnut 8k 8 4.3 to 34 5 kb 5 to 50 k 12 b 
Chromosome integration Yes Yes No; episomal Can be integrated Can be integrated No No Yes, but at very 

Therapeutic protein expres- 
or episomal or episomal low frequency 

Stable Stable Stable or transient Stable Stable or transient Transient Transient Stable or transient 
sion 
Vector localization Nucleus Nucleus Nucleus Nucleus Nucleus Cytoplasm Cytoplasm Nucleus 
Types of cells transduced Dividing only Dividing and Dividing and Dividing and Dividing and Dividing and Dividing and Dividing and 

quiescent quiescent quiescent quiescent quiescent quiescent quiescent 
Efficiency of gene transfer High High High High High High High Low 
Expression of viral proteins No No Yes, unless viral No Yes Yes Yes No 

genes deleted 
Other Tropism can be altered by pseudotyp- Can be used as a 

kg plasmid therapy 
svstem 
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tions of nonviral vectors can also elicit a humoral immune response. 

Vectors are dest-Fed and selected for dts,ease states on the basis of 
Either specific or cross-reacting humoral responses may pre-exist or 
they may be elicited during dosing, and the antibody response may 

the following cntena: 
capacity to accommodate the DNA for the therapeutic gene and 

vary in its capacity to dimtnish gene transduction in individual pa- 
1, tients. It is possible to compensate for the neutralizing activity of 

its transcription cassette the antibodies by increasing the vector dose or by altering the dostng 
2. host-vector interactions, both cellular and humoral interval to coincide with periods of low antibody titer. Because neu- 
3. capacity to target mtended cells 
4. control of therapeutic gene expression 

tralizmg capacity is frequently enhanced upon multiple dosing, effec- 
ttve dosine bv reseated administration mav be nrobiemattc. This 

UI I 

5. vector replication status 
1 

6. capacity for integration into chromosomes of target cells 
issue is generally avoided by the use of not&al systems. Altema- 

Selection of the route of administration and mampulatton of the 
ttvely, viral vectors can be engineered to evade the unmune system. 

total dose of vector are strategies that can be used to compensate 
For adenoviral vectors, one approach involves tncreasmg expression 

for some features of specific vector systems. The design and selectton 
of specific viral genes that allow the virus to evade the host’s humoral 

of a vector system include the evaluation of the dtsease of interest. 
response. 

Addittonally, there are advantages and dtsadvantages for the man- 
ufacture of each of the different vector systems. Production consis- 
tency favors those systems with well-defined fermentation or 
cuhure systems, such as plasmid, retroviral, or adenoviral vectors, 

IMPACT OF CELLULAR IMMUNE RESPONSES 

or chemically defined systems, such as synthetic anttsense-oligonu- Once protein expression is under way, cellular immune responses 
cleotide systems. For those viral vector systems that requtre helper can lead to a rapid removal of both viral and nonvnal vector-trans- 
functions (see below), a rationally engineered cell line can overcome duced cells from the body and a decrease in therapeutic effectiveness. 
the scalability and consistency limitations of cotransfections. Engt- 
neered cell lines can also eliminate the possibility of replication-com- 

Although protein synthesis is not required for cellular immune re- 
sponses to viral vector envelope proteins, de nova synthesis of viral 

Detent recombinant virus appearing in viral culture. Use of a cell line 
ihat is adapted to suspension culture can affect scalability and cost 

genes can exacerbate host-cellular responses. To reduce potential cel- 
lular responses, viral vectors have been designed with spectfic back- 

efficiency. bone deletions to eliminate the expression of viral structural genes. 
Examples of such vectors include the El- and E4-deleted adeno- 
vu-uses, the adenoviruses and herpesviruses in which all viral genes 
have been deleted (gutless) or are helper dependent, and the recom- 

TARGETING TRANSDUCTION binant adeno-associated viral vectors. Certain plasmid sequences ex- 

To be effective. a vector must first find and transduce its target cell. 
pecially those with the C,G motif, can elicit a strong cellular immune 

Vises have a natural host range that IS strongly influenced by the 
response. 

expression levels of specific cell-surface receptors in target tissues, 
the ceil cycle status of the target cells, and the route of administration. 
Integrins are a class of cell-adhesion receptors known to interact with 
either the penton base or the fiber protein of adenovimses. The Cox- 

ANTIGENICITY OF GENE PRODUCT 

sackie and adenovirus receptor (CAR) is also known to interact with The therapeutic gene product may also be antigenic. When proteins 
adenoviruses. However, the expression levels of integrins and of that are retained in the target cell are used, cellular responses may 
CAR vary according to tissue type, affecting the transduction effi- eliminate the target cell. In some cases this IS thedesired therapeutic 
ciency of adenoviral vectors. Amphotropic retroviruses infect cells effect, particularly in the antigen-based tmmunotherapy for cancer or 
via a sodium-dependent phosphate transporter molecule that is ex- a viral disease. However, if sustained protein expression is required, 
pressed at a detectable level in every human cell type. the cellular immune response may decrease the effectiveness of the 

The host and tissue range can be modified or targeted by a variety therapy or eliminate it entirely. The antigenicity of the therapeutic 
of approaches. Retrovintses, and lentiviruses, in particular, encode an gene may reflect a variety of experimental conditions. If a gene such 
envelope protein that medtates virus binding and entry via a specific as the cystic fibrosis transmembrane conductance regulator (CFTR) is 
host-cell receptor. Envelope proteins horn one retrovirus may be m- truncated to fit within a chosen vector, this modification may result in 
terchanged with a protein from another retrovirus or a protein, such as creation of a distinct antigen. By using the gene that encodes thymi- 
the vesicular stomatitis virus giycoprotein, from an entirely different dine kinase derived from the herpes simplex virus (HSV), a foreign 
virus. This process is referred to as pseudotyping. Viral protein coats nrotein is introduced into a human subiect and thus it can function as 
may be modified in several ways. By engineering the fiber and knob ‘an anttgen. Any patient with a monogenic defictency disorder is at 
of adenovirus, it is possible to change the mtnnsic integrin specificity. risk for lack of tolerance to the normal urotein that is defective or ab- 
Similarly, viral coat proteins can be chemically modtfied for hgand- sent in the disease state (for example, dystrophin in Duchenne mus- 
mediated receptor targeting. It is feasible to create ligand-plasmid l%- cular dystrophy). 
sion molecules for receptor-mediated targeting of nonviral vectors. 
Some lipid formulations for nonviral vectors incorporate antibody 
Fab fragments or l igands to target plasmid delivery. 

With respect to cell cycling, adenovtmses easily infect both quies- 
cent and rapidly dividing cells, while murine leukemia vuus-based 
retroviral vectors are efficient only when transducing rapidly divtding 
cells. Lentivtral vectors can infect quiescent cells. mcluding cells of 
neuronal origin. In general, nonvirai vectors have lower tra$.duction 
efficienctes than viral vectors. Transductton efficiencies of nonviral 
vectors are strongly influenced by the formulation used and route 
of administration. 

IMP~~CT OF HUMORAL IMMUNE SYSTEM 

J Regardless of the route of admuustration, the intended target cell, 
and the dose, the vector is likely to encounter some component of the 
immune system as it moves toward the target cell. For viral vectors, 
the humoral (antibody-based) immune system cannot readily distin- 
guish between wild-type viral infections and recombinant vnal vec- 
tors because the humoral response is directed against proteins 
contained in the viral coat or package. Protein-contammg formula- 

Retroviral vectors are also subject to another host-defense mechan- 
ism-the complement component of the immune system. Retrovtral 
vectors are reported to be rapidly inactivated by complement in sexa 
from primates, but not from lower mammals. In considering the re- 
plication cycle of retroviruses, it is known that glycosylation epitopes 
are derived from the host cell during the budding process. Because 
many retroviral vectors used m  gene therapy are murine tn origin 
and have been grown in mouse packaging cell lines, they will have 
envelopes containing mouse glycoproteins. When retroviral vectors 
are made in human cells, they are substanttally more resistant to hu- 
man complement. It is reasonable to assume that the mechanism of 
resistance involves incorporation of natural human cell-membrane 
complement control proteins that have been mcorporated into the 
vector envelope during the budding stage of particle assembly. 

COMPLEMENT INACTIVATION 
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VECTOR LOCALIZATION WITHIN THE TARGET CELL 

Once the vector reaches the target cell, several factors can affect the 
level and  durat ion of therapeutic gene  expression, and  these factors 
dictate the choice of an  appropriate vector system for a  specific clin- 
ical mdication. The localization of the vector genome within the cell, 
the strength of the gene  expression control elements, the stability of 
the message.  and  the stability of the translated protein will all affect 
the therapeutic impact. Alphavirus-based vectors, such as those de- 
r ived from Sindbis or Semliki Forest virus, reside in the cytoplasm 
and  typically exhibit a  very high level of gene  expression. Rktroviral, 
adenoviral,  and  other viral vectors have advantages in gene  delivery 
with their natural mechanisms for nuclear delivery of the therapeutic 
gene  and  reasonable levels of gene  expression from viral or other pro- 
moters. Nonviral plasmid vectors are episomal and  are often suscep- 
tible to DNA degradat ion when they are shunted into cell endosomes:  
However,  some nonviral systems mcorporate nuclear targeting sig- 
nals as  a  means  of increasing therapeutic gene-transcript ion effi- 
ciency. 

TISSUE-SPECIFIC PROMOTERS 

Another means  of controll ing gene  expression is to incorporate tis- 
sue-specif ic promoters to stimulate or to restrict expression of the 
therapeutic gene.  Drug-responsive promoters are being used to con- 
trol gene  expression. Rapamycin,  mifepristone, or the tetracycline on  
systems have been  usedto repress gene  expression. This type of reg- 
ulation may be  required for certain proteins, such as erythropoietin, 
where constitutive expression may produce toxicity. 

IMPACT OF REPLICATION STATUS OF VECTOR to an  iniemal heteroiogous promoter from Simian virus 40  (SV40). 
The  complementary DNA (cDNA) contaming the therapeutic gene  
of interest, including its introns. is excised Tom its source by using 
restriction enzymes and  is inserted at the multiple cloning site of the 
gene-transfer vector. The  polyadenylat ion signal can be  der ived from 
multiple sources such as the SV40 virus or human growth hormone.  
Characterizat ion and  testing of gene  therapy vectors are descr ibed un- 
der Analytical Methodologies. 

Replication status is another important considerat ion for vector de- 
sign and  selection. Viral vectors are most frequently constructed to be  
incompetent or replication-defective in order to limit uncontrol led 
vector spread and  pathogenicity. However,  when effective therapy re- 
quires infection of virtually all the target cells, replication can be  en- 
g ineered to be  condit ional when specific viral gene  interactions are 
matched with intracellular pathway targets. When  these targets are 
defective or missing, such as in cancer cells, the virus can replicate, 
but when the target cell is functioning normallv. viral reolication is 
repressed. One  oi’ the risks inherent i<the use of conditionally reph- 
eat ing viral vectors is that the growth of the virus is not absolutely 
restricted to a  single cell type, that is, the system may be  leab. As 
compensat ion,  the susceptible target cells may be  efficiently trans- 
duced at a  dose that is significantly lower than that necessary for non-  
target cells. 

Recombinant  viral vectors are most often modif ied to be  rephca- 
t ion-defective, a  condit ion created by deletion or modification of 
the viral genes  needed  for replication and  product ion of infectious 
virus. As a  result, viral vectors require help to produce infectious vec- 
tor particles. Helper functions are often provided by packaging cell 
l ines to deliver the necessary viral e lement from a  source outside of 
the gene  of interest (in b.u~). Packaging cell l ines should be  des igned 
to mimmize the risk of product ion of RCV through recombinat ion 
between the vector and  the packaging elements. 

Nonviral vectors are normally des igned as nonrepl icat ing systems, 
but some groups are experiment ing with replicatmg nonviral plas- 
mids to increase gene  expression levels given the low transduct ion 
efficiency of most nonviral systems and  to increase the durat ion of 
gene  expression. Additional preclinical studies are needed  to estab- 
hsh the safety of these systems. Artificial chromosomes have also 
been  designed to take advantage of normal mechanisms for retaining 
gene  expression in rapidly dividing target cells. 

VECTOR INTEGRATION 

The durat ion of gene  expression is also a  fimction of the stability of 
the vector genome.  Retroviral vectors can stably integrate mto the 
host-cell genome.  Adenoviruses do  not integrate because their 
DNA remams episomal. Recombmant  AAV vectors integrate, but be-  
cause the j-ep genes  responsible for site-specific integration are nor- 
mally exc luded from the construct in order to increase the vector- 
packaging capacity, integration is not site-specific as  it is for wild- 
type AAV. Nonviral plasmid DNA does not Integrate efficiently. 
However,  stable episomes have been  observed in certain cell types, 
such as muscle cells. Site-specific integration can be  a  desirable fea- 
ture for vectors intended to correct genetic disorders. Al though it is 
not currently possible, the control of the site of integration is desirable 
in order to prevent msertional mutagenesis.  Insertional mutagenesis 
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has the potential to kill a  cell, if a  critically functioning gene  is inac- 
tivated, or to predispose a  cell to mal ignant transformation. if a  tumor- 
suppressor gene  is inactivated. 

The success of any  gene  therapy product is dependent  on  the rela- 
t ionship between the vector-delivery system and-the requirements of 
the disease anolication in terms of the site. level, and  durat ion of ther- 
apeutic gene  expression. It is unlikely that there will ever be  a  uni- 
versal vector, and  the chal lenge is in fitting the vector to the disease. 

Manufacturing and Purification Strategies 

VECTOR CONSTRUCTION 

Vial and  nonviral gene-transfer vectors are constructed by using 
standard molecular biology protocols. For vu-al vectors, the vector 
backbone consists of viral RNA or DNA sequences from which the 
regions encoding viral structural genes  or the-regions required for re- 
plication have been  deleted. The deleted region of the vector is usual- 
Iv modif ied with specific restriction endonuc lease sites used to allow 
insertion of the gene  of interest. For nonviral vectors, the plasmid 
DNA backbone contains multiule restriction sites for cloning and  
the bacterial e lements necessaty’for plasmid production. Vectorback- 
bones  can accommodate single or multiple gene  mserts depending on  
the maximum amount  of sequence they can carry. The  promoter that 
facilitates transcription of the gene  insert can be  a  related viral pro- 
moter, such as murine leukemia virus long terminal repeat (MuLV 
LTR), or a  heterologous promoter that is either tissue-specific, such 
as a lpha crystall ine promoter (of the eye), or constitutive, such as cy- 
tomegalovirus (CMV). For example, in a  retroviral vector construct 
cot&ring two gene  inserts, transcription of one  is regulated from the 
5’-LTR-oromoter sequence.  while a  second gene  insert can be  l inked 

HELPER FUNCTION SYSTEMS 

Plasmids encoding the necessary elements are introduced into the 
packaging cell by  standard methods such as calcium phosphate-  
mediated transfection or electroporation. If multiple trans-acting ele- 
ments are needed,  these elements are introduced on  separate plasmids 
in order to increase the number  of recombinat ion events needed  to 
form a  wild-type viral genome,  thus decreasmg the f requency of 
the event. An addit ional aDDrOaCh to eliminate nroduct ion of RCV 
is the elimination of con&n sequences between the packaging cell 
plasmids and  the gene  therapy vector 

Stable packaging cell l ines should be  selected and  clonal MCBs 
prepared. In retroviral vector product ion systems, typically the pro- 
viral form of the retroviral vector is stably incorporated into the 
packaging cell, resultmg in what IS referred to as  the producer cell 
line. A stable, banked packaging cel l-producer lme will lead to con- 
sistency in product ion and  control of adventit ious agent  contamina- 
tion. Alternatively, the system can be  transient, with the packaging 
plasmids transfected along with the gene  therapy vector for each 
round of vector production. However,  a  transient transfection system 
is less efficient and  limited m scalability 

Typical helper function systems are as follows: 
1. Retroviral Vector Systems-The murme fibroblast cell l ine 

NIH 3T3 has been  the basis for several packaging cell l ines. 
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The gag, pal, and env functions can beco-located on a smgle 
plasmid (PA3 17) or placed on individual plasmids (psi-GRIP). 
This increases the number of recombmation events required to 
produce an RCV. The human embryonic kidney cell hne 293 has 
been modified to be a packaging cell line for retroviruses, be- 
cause use of a human cell line allows production of a retroviral 
vector that is not affected by the human complement system. 

2. Adenoviral Vector Systems-HEK 293 cells are widely used 
to suo~ly the El function necessary for efficient adenoviral re- 
phca& that IS deleted from first-gkneratlon adenovlral vectors. 
Other comulementine cell lines, such as El-modified A549 cells 
(human luig carcinoma) and the PER.C6 cell line (human em- 
bryonic retmoblast), have also been created to supply El or 
other missine functions. The latter contams the El remon under 
the control gf a phosphoglycerate kinase (PGK) prokoter and 
has no flanking adenoviral sequences m  order to eluninate pro- 
ductlon of replication-competent adenovirus (RCA). 

3. AAV Vector Systems-These systems classically use adeno- 
virus-infected human 293 cell lines transiently transfected with 
AAV helper plasmid containing the rep and cap,genes, which are 
required for AAV replication and capsid formatlon, respectively, 
and which are deleted from the AAV vector. The HeLa cell line 
(from human uterine cervical carcinoma) has also been used as a 
transient production system. More recently, both of these cell 
lines have been used to establish stably transfected packaging 
cell lines that express rep and cup genes and in some casesex- 
Dress the adenoviral functions needed for AAV replication when 
kp and cup are present (Ela, Elb, E2a, E4, and-VA RNA). 

4. Gutless Adenoviruses-The manufacturing systems for gutless 
adenovuuses are similar to classical AAV vector manufacturing 
systems in that human 293 cells are transiently transfected with 
helper plasmid containing required adenoviral functions. 

VIRAL GENE THERAPY VECTORS 

Retrovirus and adenovirus have classically been produced on the 
laboratory scale by using traditional cultivation methods for ancho- 
rage- and serum-dependent cell lines, employing flasks, trays, and 
roller bottles. Initially, gene therapy vectors were produced bv using 
these exact methods because lar@volumes of product were-not re’- 
auired for early clinical shtdies. Cell bank systems are used as the 
sburce of ceils &d virus banks as the source df virus for clinical pro- 
duction. In most cases, supematant is collected, clarified, and stored 
frozen tn bags at -70”. In many early clinical trials unpurified super- 
natant has been used for ex vivo gene transfer. 

More recently, larger-scale upstream production methods have 
been reported mcluding suspension, bioreactor, and fixed-bed or mi- 
crocarrier culture methods. Some groups have reported adapting their 
process cells to serum-free culture conditions. Cells are harvested and 
lysed or supematant collected. De harvest is clarified and purified to 
remove host-cell debris, host-cell DNA, and other process-derived 
contaminants. 

Traditionally, viruses are purified by gradient ultracentnfugation, 
but this is t ime-consuming and unsuitable for larger-scale production 
purposes. The selection of downstream process steps and their se- 
quence is determined by the nature of the virus itself and the upstream 
process used for manufacturing the virus. As processes are being de- 
veloped for the manufacture of gene therapy vectors, many different 
purification steps have been reported. These include Ion-exchange 
and sulfonated-cellulose chromatography, zinc ion affinity chromato- 
graphy, size-exclusion chromatography, and DNase or other nuclease 
treatments. AAV productlon and lentiviral production are compli- 
cated bv a need for transient transfectlon or cotransfection of olasmid 
or help& VINS. These processes have so far required anchorage-de- 
pendent cell lines that are difficult to scale up. The development of 
stably transfected cell hnes would allow large-scale production. 

PLASMID VECTORS 

Plasmids are double-stranded, circular DNA molecules that exist in 
bacteria as extrachromosomal, self-replicating molecules. They have 
been modified to serve as cloning systems, to contain multiple restnc- 
tlon endonuclease recognition sites for insertion of the cloned trans- 
gene, and to contain selectable genetic markers for identification of 

cells that carry the recombinant vector. Plasmid-based nonviral vec- 
tors are frequently used as ,bene delivery systems for both in vivo and 
ex vivo gene therapies. They are tn the form of naked DNA or com- 
plexed with lipids or other agents that facihtate transfer across the cell 
membrane and delivery to the cell nucleus without degradation. An 
advantage of a plasmid-vector system is the efficient production of 
large quantities of the vector that is easily characterized and involves 
no risk of contamination with the RCV. 

Nonviral vectors are typically produced by using an Escher~chia 
coli bacterial system. Plasmids are transfected into Escherichza cull, 
and an appropriate single bacterial colony is selected and expanded to 
create an MCB. After reselection of a colony from a bacterial plate 
inoculated from the MCB, plasmid DNA is isolated Tom cultures that 
can range in size Tom 1 liter on a laboratory scale to hundreds of liters 
in bacterial fermenters. Plasmid DNA can be purified by several 
methods including affinity or ion-exchange chromatography and ce- 
sium chloride-ethidium bromide densitv eradients. Cesium chloride- 
ethidmm bromide density gradients are h& recommended for produc- 
tion of clmical-grade material. 

OLIGONUCLEOTIDE VECTORS 

Antisense oligonucleotides are manufactured by synthetic chemis- 
try procedures. Currentlv, the method of choice is solid-chase ohos- 
pl%amidite chemistry. -Synthesis is linear, rather than ‘conveigent, 
and a high level of efficiency must be maintained at each synthesis 
step. This is accomplished by using molar excesses of highly pure 
raw materials to drive the reaction kinetics towards completion. Syn- 
thetic oligonucleotide manufacturing may require metric-ton quanta- 
ties of nucleoside phosphoramidites and other compounds such as 
activator and sulfur-transfer reagents for commercial-scale manufac- 
tunng. An issue for oligonucleotide manufacturing is that during the 
preparation of raw materials and the synthesis of oligonucleotides, 
precaution must be taken regarding moisture, because moisture is det- 
rimental to both yield and purity. Purification of the single-strand oli- 
gonucleotide product requires removal of residual solvents and 
synthetic strand by-products. Nevertheless, current oligonucleotide- 
manufacturing technology is readily scalable and cost-efficient, and 
it results in products with purity levels similar to those of classical 
small-molecule pharmaceuticals. 

FORMULATION OF GENE THERAPY PRODUCTS 

Final formulations for vector products are still in earlv develoo- 
ment. So far, mannitol, sucrose, lipids, polymers, and seru*m albumin 
have been utilized as stabilizers. AseDtic filline of laree numbers of 
vials by using classical manufachuiniprocessei may d problematic. 
For example, some viral vectors are thermally sensitive and storage at 
ultra,-low temperatures is often required. Progress is being made for 
both viral and nonviral vector lyophilization and m  the use of stabi- 
lizers for liquid formulations. 

ON-SITE PREPARATION AND 
ADMINISTRATION 

General Considerations 
One or more product modifications or preparative steps may be re- 

quired pnor to admuustratlon of the cell or gene therapy product to 
the patlent. These modifications or steps are frequently performed 
close to the time of admimstration; and, therefore, they are performed 
under conditions not under control of the onginal manufa&unng fa- 
cility. The nature of these modifications is largely dictated by charac- 
teristics of the product in relatlonship to the particular application. 
These include thawing, washing, or filtration to remove unwanted 
cells or substances ac&mulated&-ing storage, transfer to an &us+ 
ble solution, or compoundmg with a vehicle or structural material. In 
addition, patient considerations, such as the need to dose the product 
according to patient weight or blood volume, may mfIuence these 
steps. 
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All product modifications performed between the time of initial 
product manufacture and final administration to the patient should 
be vlewed as a part of the overall manufacturing process. The prac- 
tical implications of this concept are that the process controls must be 
established for all product storage Intervals, transport steps, and mod- 
ificatlons, starting with a clear definition of cntlcal control points. Op- 
erational requirements for performing any of these steps after initial 
product manufacture include defined physlcal space with appropriate 
environmental controls, trained personnel, detailed standard operat- 
ing procedures, and a comprehensive quality program. 

The unique and irreplaceable nature of many cell and gene therapy 
products, many of which have originated from an autologous or a se- 
lected allogeneic tissue source, creates special considerations for pro- 
duct manufacture, release, and administration. It is critical to both 
anticipate the need for and to establish policies and procedures to 
guide product modification or administration steps m cases where 
predefined release criteria cannot be met. These procedures should 
include a mechanism to obtam medical consultation to assess risk 
and benefit considerations for the patient and to provide complete 
documentation of any decision to modify predefined product specifi- 
cations. 

On-Site Preparation 

PRODUCT MANIPULATIONS 

Prior to administration, on-site preparation of the cell or gene ther- 
apy product may involve one or more manipulations. These manip- 
ulations mclude the followine: 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

Change in Final Contsner-The manufactured product may 
have been stored or transported in one container but may require 
transfer to a different container for administration. 
Change in Physical State or Temperature-A product may 
require thawing from the frozen state or warming from the refii- 
gerated state. 
Change in Solution or Suspension-A product may have to be 
dissolved, diluted, or suspended in a liquid. 
Addition to Biocompatible Structural Material-A cell or 
gene therapy product may need to be combined with living, nat- 
ural, or synthetic structural tissue or matrix. Examples of matrix 
material include hollow fibers, fibrous sheets, gels, plugs, cap- 
sules, sponges, or granules. 
Admixture or Compounding with Other Nonstructural Ma- 
terials-A product may require mixing or compounding with 
drugs, cytokines, biologics, or other nonstructural materials. 
Filtration or Washing-Unwanted materials in the manufac- 
tured product, such as particulates, cellular debns, metabolites, 
or compounds remaining from previous manipulations may re- 
quire washing or filtration steps. 
Sampling-Sampling of the final product immediately pnor to 
administration may be required for certain clinical protocols. 

FACILITY REQUIREMENTS 

Facility requirements for performing on-site preparative steps or 
administration of cell and gene therapy products depend on the nature 
of the products, their applications, and the manipulations required. 
The most important determinant of facility features is the level of nsk 
for microbial contamination associated with each step. Definition of 
low-lisk and high-risk condltlons can be made according to a fiame- 
work similar to that defined for Low-Risk and High-Rzsk m the Risk 
Levels section under Sterile Drug Products .for Home Use (1206). 

RELEASE OF FINAL PRODUCT 

Cell and gene therapy products that undergo on-site preparative 
steps or manipulations must be subjected to appropriate checks or 
tests to ensure that all quahty specifications are met prior to release 
for patient administration. The nature and extent of mampulations 

will determine whether release requirements or critical specifications 
must be added to those required immediately after initial manufac- 
ture. Pre-release requirements usually include the following: 
1. physical inspection of the product, which typlcally includes 

measures to ensure appropriate product appearance with regard 
to color, turbidity, particulates or foreign matter, contamer mteg- 
rity; product temperature; and accuracy and convenience of la- 
beling; 

2. review of process records; and 
3. for patient-specific products, clerical checking of product label- 

ing or records in relationship to identIty of the intended reclpi- 
ent. 

In addition, products considered to be high-risk products accordin 
to the description under Sterile Drug Products for Home Use (1206 7 
should undergo additional product testing. For all high-nsk products, 
quality assays for the identity, potency, and punty of the active mgre- 
dients should be defined and performed. For high-risk products in Ca- 
tegory II, sterility and endotoxm testing should be performed. 

Administration to Patients 

PFLE-ADMINISTRATION REQUIREMENTS 

Depending on the specific cell or gene therapy application, steps 
may need to be taken by trained patient-care staff to prepare the pa- 
tient for product administration. These steps are aimed at ensuring 
that the product will provide the intended therapeutic outcome and 
aimed at minimizing the risk of adverse effects. 

In cases where autologous, selected allogeneic, or xenogeneic tis- 
sue is the source of the cell or gene therapy product, determination of 
the patient suitability for the therapy, including the evaluation of his- 
tocompatibility between the donor and the recipient, typically occurs 
prior to the product preparation. However, because of the possibility 
of changes in clinical status of the patient after the time of tissue col- 
lection, such as fever, infection, recurrence or spread of tumors, or 
organ dysfunction, a thorough re-evaluation of the patient’s general 
condition and suitability for therapy must be performed in close 
proximity to product administration. This evaluation usually Includes 
a patient history, physical examination, and laboratory studies such as 
blood counts and chemistries. In addition, baseline physical or func- 
tional measurements, laboratory tests, or imaging studies relevant to 
the specific application may be obtained. Examples include pulmon- 
ary function tests for a therapy aimed at improving lung function, 
measurement of blood levels of an enzyme that 1s the gene product 
in a gene therapy application, and nuclear imaging of organs prior to 
anticancer therapies. 

A variety of patlent interventions related to route of product admin- 
istration may be required before product admmistration. For cellular 
therapies requiring intravenous administration. patients with poor pe- 
ripheral vellous access may require placemen‘t of a centrai venous 
catheter. In applications where cells or matrices combined with cells 
are implanted’into the patient, the site of implantation may require 
preparation in the operatmg room. This may involve surgically open- 
ing the site, removing the degenerated or damaged tissue, trimming of 
the adjacent tissue to accommodate the imptant, and excising the tis- 
sue from a second site to be used as an anchor or support for the im- 
plant. For instance, in the case of cell products for wound heahng, it is 
critlcal that the site for grafting be free from infection and demon- 
strate a well-prepared wound bed. In cells intended to repair cartilage 
defects, the site of damage needs to be prepared so that the cells can 
be applied to a watertlght compartment. For applications mvolvmg 
direct administration of the product into an organ system (for exam- 
ple, bronchioalveolar system) or vascular network (for example, cor- 
onary arteries), the patlent may require endoscopic or surgical access 
to these sites. 

In all cases, the need for adequate anesthesia and premeditation 
must be carefully evaluated in conjunction with these steps prior to 
product administration. For example, if it 1s anticipated that DMSO 
will remain in a thawed, cryopreserved cellular product, the patient IS 
given an antihistamine prior to administration of the cells to block 
adverse effects associated with histamine release Induced by the 
DMSO. Pre-admmlstratlon patient evaluation must also include as- 
sessment of concurrent therapies that may interact with the cell or 
gene therapy product to modify its effects Some therapies may be 
considered adjunctive to the cell or gene therapy, such as cytokines 
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that promote proliferation or differentiation of the infused or im- 
planted tissue. Other COIIXIIO~Y use! <rugs such as antibiotics, anti- 
neoplastics, anticoagulants, and antl-mflammatory agents must be 
evaluated for possible effects on the efficacy of the cell or gene ther- 
apy product. 

P.4TIENT TREATMENT 

Some cell or gene therapy products are patient-specific, in that they 
are manufactured f?om a selected tissue source, such as autologous, 
selected allogeneic, or xenogeneic tissue. Certain patient-specific pro- 
ducts have a defined potential for benefit or adverse immunoreactiv- 
ity. Systems must be in place to prevent administration of such a 
product to the wrong patient. Recommended systems include proce- 
dures similar to those used for administration of human blood pro- 
ducts, with special attention given to the correct identification of 
the patient and patient-specific product by at least two people imme- 
diately prior to administratlon. 

Cell and gene therapy products can be administered by a variety of 
routes. These include the intravenous route, the parenteral routes 
(subcutaneous, intramuscular, and intra-arterial), and the respiratory 
or gastrointestinal tract route. Other possibilities include direct appli- 
cation of cell or gene therapy products into regional vasculature, or- 
gans. tissues, or body cavities by means of needles or catheters or 
following surgical exposure of the tissue. While parenteral adminis- 
tration can be accomplished in routine outpatient or inpatient facil- 
ities, the other means of administration may require specialized 
facilities, such as an aseptic operating theater or endoscopic suite. 
In all cases, standard operating procedures and a quality program 
must be in place to ensure that the product is administered in the in- 
tended manner. 

POSTADMINISTRATION MONITORING OF PATIENT 

There should be written policies and procedures for monitoring 
patient outcomes and managing reports of adverse events. Patient- 
outcome assessment should include indicators that are likely to detect 
errors or problems related to the entire manufacturing process, with 
special attention given to manipulations, storage, or transportation 
after the initial manufacture of the product. Management of adverse 
reactions should include procedures for ensuring prompt medical eva- 
luation and treatment of patients with suspected adverse effects and a 
system for reporting and evaluatin, 0 adverse effects that may point to 
a potential defect in the administered product. Reporting procedures 
include providing details required for federal, state, or USP adverse- 
event reporting programs. 

Follow-up and momtoring procedures should be implemented for 
patients who have received gene therapy vectors or ex vivo gene 
therapies. To the extent that it is relevant and that it can be assessed, 
vector or modified cell biodistnbutlon and persistence in vivo should 
be monitored. With direct administration of vectors, localization to 
the germ line may be an issue. Although preclinical studies can be 
used to address this issue, useful information may be gained through 
patient momtoring. In the case where a retroviral vector has been ad- 
ministered, patients should be monitored for replication-competent 
retrovirus (RCR) according to the FDA’S Draft Guidancefor Indus- 

try: Supplemental Gudance on Testing for Replication Competent 
Retrovirus zn Retrovwal Vector Bused Gene Therapy Products and 
Durzng Follow-Up of Patients in Clmical Trials Using Retrowral 
Vectors (October 2000). This involves active monitonng dunng the 
first year and archiving of patient samples thereafter if RCR is not 
detected initially. 

Database systems to collate and track patient-monitoring results 
are essential to management of this informatlon. National registries 
or publication of data should be considered for estabhshing the col- 
lectlve safety of gene therapy. 

ANALYTICAL METHODOLOGIES 

General Considerations 
The complexity and scope of cell and gene therapy products is re- 

flected in the wide range of analytical methods that are used to assess 
product quality. Approved cell and gene therapy products must com- 
ply with applicable sections of 2 1 CFR 2 11 and 2 1 CFR 6 10 to ensure 
their identity, dose, potency, purity, and safety. Specific guidance for 
the identification, development, and validation of analytical meth- 
odologies to support cell and virus bank characterization, final-pro- 
duct release, and stability studies is currently provided in the 
Center for Biologics Evaluation and Research (CBER) Points to Con- 
szder for Human and Somatic Cell and Gene Therapy (April 1998); 
under Validation of Compendia1 Methods (1225); and in the ICH 
guidelines entitled “Q2A Validation of Analytical Procedures”, 
“Q2B Validation of Analytical Procedures: Methodology”; and 
“Q6B Specification, Tests and Procedures for Biotech.nological/Bio- 
logical Products”. Most product-specific analytical methods for cell 
and gene therapy products have not been standardized. Even well-de- 
fined tests such as those described under Sterility Tests (7 1) may not 
be directly applicable to certain cell and gene therapy products. For 
some cell and gene therapy products, large quantities of clinical ma- 
terial may not be available during early clinical development. Some 
required tests (e.g., sterility) may have to be modified. Consultation 
with the regulatory authorities is advised. 

Tuble 6 provides an overview of the product-specific testing para- 
meters for the biological component and general methods or ap- 
proaches being used to satisfy the testing requirements for cell 
therapy products and for nonviral, viral, and antisense-oligonucleo- 
tide gene therapy products. The analysis of cell and gene therapy pro- 
ducts relies heavily on biological assays but it also utilizes 
methodologies developed for biotechnology-derived products (see 
Biotechnology-Derived Articles (1045)). Antisense-oligonucleotide 
products are regulated by the FDA Center for Drug Evaluation and 
Research (CDER) and rely heavily on physicochemical methods. The 
intent of this section is to outline the types of methods and their spe- 
cific applications with regard to product characterization, stability, 
and release testing. Process validation may alleviate the need for cer- 
tain specific lot-release tests. Development of appropriate reference 
materials and standards for cell therapy and viral and nonviral gene 
therapy products should be a part of product development. Reference 
materials should be fully characterized in order to provide continuity 
between standards over time. In the case of cellular products the ref- 
erence material may be a surrogate tissue or simulated product. 
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Table 6. Analytical Tests for Cell and Gene Therapy Biological Products 

Gene Therapy Products 
Nonvira! and Antisense-Ohgonucleo- 

Test Cell therapy Products Viral tide 
Identitv of Bioloai- Surface marker determination 
cal S&stance - Species 

Morphology 
Bioassay 

Restriction enzyme map 
PCR 
Immunoassay for expressed gene 
Sequencing 

F;esction enzyme map 

Immunoassay for expressed gene 
Sequencing 

Dose 
Biochemical marker 
Viable cell number 
Enumeration of specific cell popula- 
tion 
Total DNA 
Total protein 

Potency 

Purity 

Viable cell number (cells intended for 
structural repair) 
Bioassays: 
Colony-formation assay 
Function of expressed gene 
Induction of secondary effect (e.g., hu- 
man leukocyte antigen (HLA) induc- 
tlon, secretion of cytokines, and up- 
regulation of surface marker) 
Percentage of viable cells 
Percentage of transduced cells 
Percentage of cells with specific sur- 
face marker 
Process contaminants (e.g., serum) 

Safety Mycoplasma 
Sterility 
Pyrogen and endotoxins 
Adventitious viruses 
Residual virus (for transfected cells) 
Replication-competent vector virus 
(transfected cells) 

Particle number 
Transducing units (DNA hybridization as- 
say) 
Total protein 
HPLC assay using authenticated reference 
standard 

Function of expressed gene (induction of 
secondary effect and other bioassays) 

Residual host-cell DNA 
Process contaminants (e.g., serum and ce- 
sium chloride) 
Residual helper virus 
Optical density ratio 
Residual host-cell proteins 
Viral protein profile (HPLC assay for de- 
fective or immature particles) 
Residual RNA 

General safety 
Mycoplasma 
Sterility 
Pyrogen and endotoxins 
Adventitious viruses 
RCV 

Plasmid-DNA weight 
Formulated-complex weight 
HPLC or capillary electrophoresis as- 
say using authenticated reference stan- 
dard 

Function of expressed gene (induction 
of secondary effect and other bioas- 
says) 

Percentage of specific physical form 
(e.g., percentage supercoiled) 
Residual host-cell DNA 
Residual RNA 
Residual host-cell proteins 
Residual solvents 
Optical density ratio 
Process contaminants (e.g., cesium 
chloride and synthetic oligonucleotide 
by-products) 
Pyrogen and endotoxins 
Sterility 

Cell therapy products may require a rapid-release approach if they 
have a limited shelf life. The rapid-release approach is not usually 
applied to viral and nonviral gene therapy products because these pro- 
ducts are sufficiently stable for completion of testing prior to release. 
Some formulated nonviral gene therapy products also have limited 
shelf lives. In these cases, the individual components are tested prior 
to release and the formulated complex is not tested. The formation 
and stability of the formulated nonviral ,gene therapy complex is es- 
tablished through validation studies durmg product development. 

As specified in the CFR. product samples must be retained after 
product-release testing is completed. Additional samples may need 
to be retamed ifrapid-release strategies are employed, so that the pro- 
duct quality can be reassessed by alternative or traditional test meth- 
odologies If necessary. 

New Methodologies and Compendia1 Perspective 
Although the application of compendia1 methods is encouraged, 

there are many instances where the analytical method that best ad- 
dresses the issue is a new method not found among the compendia1 
methods. USP encourages the development of appropnate methods 
and submIssion of these methods, once vahdated, to the USP for ad- 
dition to the compendia. 

One such new methodology is the PCR-based assay. PCR-based 
assays are utilized in a variety of applications for both cell and gene 
therapy products. PCR assays can be a viable substitute for long-term 
bioassays and should be considered when a rapId-release strategy is 
used. Other apphcations include the use of PCR-based assays to as- 
sess adventitious viral agents m product or in cell and virus banks. 

PCR might also be used in an identity test of a gene therapy product. 
In all cases, validation of the new method and assay equipment and 
qualification of analytical personnel are required. 

PCR assays are based on amplification of specific target DNA by 
using PCR technology. Traditionally, a pair of DNA oligonucleotide 
primers is used in combination with nucleotides and the i’hq polymer- 
ase to increase the amount of a specific-size oligomer in a series of 
alternating cycles of permissive and nonpermissive polymerase tem- 
perature conditions. The reaction mix is resolved by gel electrophor- 
esis and visualized by staining with ethidium bromide in order to 
detect the amplified target (amplicon). RT-PCR involves the use of 
a reverse transcriptase to create cDNA from RNA prior to performing 
the PCR reaction, so that the RNA can be detected. PCR and RT-PCR 
methods can be used qualitatively (positive or negative readout) or 
quantitatively. 

Currently there are two common approaches to quantitation using 
PCR: (1) competitive PCR that involves use of a spiked mimic and 
(2) real-lime or kinetic PCR that is based on the 5’ nuclease activity of 
the Z’bq polymerase. In competitive PCR, quantitation is based on the 
ratlo of the amplified mimic to the amplified target. In real-time PCR, 
the degradation of a dual-labeled, fluorescent, target-specific oligonu- 
cleotide probe is monitored in real time, as PCR amplification is oc- 
curring. The probe is labeled wxth a reporter fluorescent dye at the 5’ 
end and a quencher fluorescent dye at the 3’ end. Wheu the probe is 
intact, the fluorescence emission of the reporter is quenched due to 
fhe physical proximity of the two dyes. The probe sequence is se- 
lected SO that it hybndizes to the target between the two primer sites. 
During the extension phase of the PCR cycle, the probe is cleaved by 
the 5’ nuclease activity of the i%q polymerase, while the reporter dye 
signal is increased by the release of reporter dye from the probe. Ad- 
ditiopal reporter dye molecules are cleaved during each cycle, result- 
ing m an mcrease in the fluorescence intensity of the reporter dye 
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proportional to the amount of amplicon produced. The resulting rela- 
tive increase m reporter fluorescent dye emission is detected in real 
time durmg PCR amplification and It allows the threshold cycle num- 
ber to be related to the target copy number. The threshold cycle num- 
ber is defined as the PCR cycle number where the increase in reporter 
fluorescence is detected above the background fluorescence in the as- 
say system. A greater quantity of input DNA or messenger RNA 
(mRNA) results m a lower threshold cycle, as a result of requiring 
fewer PCR cycles for reporter fluorescence-emission mtensity to 
reach the threshold. Typically, assays can be designed to detect 1 to 
10 copies of the target per reaction. 

The primary means of assessing safety are the performance of bi- 
ological assays to measure adventitious agents directly. Molecular 
biology-based assays that measure adventitious agent DNA or 
RNA are also used. 

I,lke all analytical methods used to release product, PCR assays 
must be validated. Validation should include the rationale for the se- 
lectlon of primer and probe sequences and a demonstration of the spe- 
cificlty and efficiency of the primers and, for real-time quantitative 
PCR assays, of the probe. Because primers and probes are the main 
components of a nucleic acid-based detection system, the perfor- 
mance of the assay is highly dependent on the quality of these re- 
agents. Specificity is generally demonstrated by assessing the 
resulting PCR product by gel electrophoresis to show that the ampli- 
con is the expected size. For quantitative assays, the design and nature 
of the auantitation standards must also be addressed. 

Assai validation must also address linearity, accuracy, ruggedness, 
and reproducibility with regard to both the assay itself and the sample 
preparation, that is, extraction of the sample DNA for PCR or sample 
RNA for RT-PCR. Validation should mclude a demonstration of the 
specific limit of detection in the sample type employed, because some 
sample types contain inhibitors of PCR. Validation should also ad- 
dress the reproducibility of the sampling scheme and the efficiency 
of nucleic acid extraction and purification procedures to produce 
the starting material (DNA or RNA). Well-designed spiking studies 
where samples are spiked both prior to and after extraction can ad- 
dress these issues. 

PCR assays are occasionally subject to false-positive results be- 
cause of the contamination of equipment or samples during handling 
in preparation for the assay. The most abundant source of contaminat- 
ing target nucleic acid 1s the previously generated amplicon. How- 
ever, the PCR reaction can be modified so that the resultant 
amplicon is sensitive to uracyl-N-glycosylase digestion and can there- 
fore be eliminated. In addition, isolation of sample preparation areas 
from other phases of the assay and the use of dedicated equipment for 
each assay phase are generally necessary to prevent amplicon con- 
tamination of test samples and, hence, false-positive signals. Assay 
protocols that include appropriate controls, such as nontarget se- 
quence and nucleic acid-free controls, can aid in determining the 
source and point of contamination if it occurs. Validation should ad- 
dress the procedures implemented to prevent contamination. 

Sampling Issues 
Samoline for lot-release testing should be based on the potential 

distrib;tio<for the parameter tested. See Stability-Protocol bevelop- 
menI under Stability for additional considerations. Samnles from each 
lot need to be retained in case there is a safety or quality’ issue with the 
lot. Even if the product has a very short shelf life, these retained sam- 
ples can be used to detect impurities and other substances. The need 
for proper design of the sampling scheme is highlighted m safety test- 
ing for adventltlous agents for cell or viral gene therapy products or in 
assessment of RCV for viral gene therapy products. In such cases, 
process validation will assist m determining the appropriate statistl- 
tally based sampling design. 

Safety 

GENERAL CONSIDERATIONS 
Safety testing for cell and gene therapy products focuses on three 

issues: (1) preventing the unwitting use of contaminated cells, tissues, 
or gene therapy agents with the potential for transmlttmg mfectious 
diseases, (2) preventing the use of improperly handled or processed, 
and consequently contaminated, products, and (3) ensuring safety 
when cellular and gene therapies are adapted for use other than in _ 

CELLTHERAPY PRODUCTS 
Direct transmission of infectious disease is a major concern for cell 

therapy products. The degree of risk is dependent upon various fac- 
tors such as whether the cells or tissues are to be used m a person 
different from the one they were obtained from; whether they are 
banked, shipped, or processed in a facility that handles cells and tls- 
sues from multiple donors; and how extensively they are processed. 
Improper handling can alter the integrity and function of cell therapy 
products by introducing microorganisms or by contammatmg the 
therapeutic cell products with other donor or patient cells during col- 
lection, processing, or storage. 

In addition to transmittable-disease screening and testmg of allo- 
geneic donors of all viable and nonviable tissues intended for use 
as cell therapy products, appropriate labeling and tracking are re- 
quired. These requirements are not only based on the potential nsk 
of disease transmission from donor to recipient but also on the follow- 
ing: (1) the unusual, but documented, possibility of product-to-pro- 
duct transmission (for example, viral contamination may occur 
among disrupted bags in the liquid phase of a liquid nitrogen freezer) 
or (2) the possibility of erroneous administration of a product to the 
wrong recipient. Specific donor screening and testing requirements 
for alloeeneic cell uroducts are based on those currently required 
for human blood pioducts. These include (1) specific donor tksting 
for HIV Tvoe 1. HIV Tvue 2. heuatitis B. heuatitis C. and svuhilis 
and (2) m&cal’history &eening’for high’ risk for HIV, hepatitis B, 
Creutzfeldt-Jakob disease, and tuberculosis. Some of these tests and 
screening measures are also recommended, but not required, for auto- 
logous tissues. 

The risk of cross-species infectivity durmg xenotransplantation is 
still unknown. Assessing the risk of infection from a new transmissi- 
ble agent is difficult. In vitro coculture assays involving sensitive hu- 
man indicator cell lines for the donor species should be developed. In 
particular, assay of endogenous retrovirus (ERV) present in the xeno- 
geneic cell or tissue is required. In the case of porcine cells and tis- 
sues, both PCR and RT-PCR assays for porcine endogenous 
retrovirus (PERV) have been described and are applied to donor cells 
and tissues. These tests are also being used for patient monitoring. 
Assays for PERVantibody have also been developed for patient mon- 
itoring. Published studies indicate that the risk of PERV transmission 
to patients may be low. 

Often the shelf life of cell therapy products is shorter than the time 
reauired to test for sterility and adventitious agents using traditional 
ceil-based methods. However, as already discussed, development of 
validated raoid PCR-based methods allows both assessment and 
timely release. Presence of mycoplasma and a range of specific ad- 
ventitious viruses and bacteria can be tested by usmg PCR or 
DNA- or RNA-hybridization dot blot analysis. Fourteen-day sterility 
testing is not always a viable alternative for final release of cell ther- 
apy products; in these cases automated methods that rely on colori- 
metric detection or on continuous monitoring may be acceptable if 
they are validated. Facility and process validation are necessary ad- 
juncts to ensure safety with regard to sterility and mycoplasma, par- 
ticularly when rapId-release strategies are employed. 

Additional testing for safety may be required when cell therapy 
products are used in the patient for a purpose other than that which 
the cells or tissue fulfills in its native state or when placed in a location 
of the body where such stmctural function does not normally occur. 
Testing should be designed to predict product behavior under these 
settings and should be designed based on the context of use. For ex- 
ample, in the case of a cell therapy product for cancer patients, where 
the cells are activated by culture on a feeder layer of cells durmg pro- 
cessing, it may be necessary to test the product cells for the presence 
of feeder cells. Residual feeder cells in the final product may cause an 
inflammatory response. In addition, products usmg non-human feeder 
cells are considered xenogeneic products. Cell therapies are ex- 
emoted Tom general safety testing. 

if the cells were modified by a&al gene vector during manufac- 
turing, presence of RCV must be tested. Typically RCV testing (see 
kh,zl Gene 7’herapv Products under .Safet;v) is limited when rapld re- 
lease is required by shelf life. Again, molecular biology-based meth- their normal tunctlons or setting. 
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ods such as PCR can be used in rapid screening situations. In these 
cases, during product development, testing tharemploys cell-based 
assays (for example, detection of cytopathic effect on indicator cell 
lmes) is performed after release to validate the molecular biology- 
based test result. 

VIRAL GENE THERAPY PRODUCTS 

One of the primary safety concerns associated with viral vectors 
used for gene therapy is RCV. Regardless of the virus, these concerns 
are based on the potential lack of predictability for the pathogenicity 
of a contaminating vuus for a specific route of administration, parti- 
cularly if it is not the normal route of infection or if humans are not a 
natural host for the VINS. 

The pathogenesis of a wild-type adenovirus infection is known but 
may not be predictive for the routes of administration employed with 
recombinant adenoviral vectors. For adenoviral vectors, a limit of one 
RCA per dose is currently considered acceptable; other limits have 
been established for dose levels greater than 1 x IO9 particles, speci- 
fic indications, and routes of administration based on preclinical 
safety studies and patient-monitoring studies during clinical develop- 
ment. Limits as high as several thousand RCAs per dose have been 
reported. Typically, RCA levels are determined by using a cell-based 
assay that allows amplification of the RCA while preventing replica- 
tion of the product. The cell line recommended for amplification and 
detection of RCA is the A549 ceil line. However. some recombinant 
adenoviral vectors express therapeutic genes that interfere with ana- 
lysis on A549 cells. In these cases, a bioassay utilizing two cell lines 
is used, with the first cell line chosen on the basis of resistance to the 
effects of expression of the therapeutic gene of interest and with sub- 
sequent passage of cell lysate onto AS49 cells for amplification and 
detection of the RCA. RCA is most often detected by visual observa- 
tion of the cytopatbic effect but it may also be detected in the A549 
cell culture by using immuno- or PCR-based methods. Quantitation 
of the RCA level is based on the quantity of sample tested and the 
detection limit of the assay. Typically, RCA bioassays are validated 
as being able to detect 1 plaque-forming unit or infectious unit of 
RCA m the test sample over a wide range of test-sample sizes. 
Test-sample sizes can ranee from 1 x lo* to 1 x 10” narticles but 
they are typically based onclinical-dose size. To verify detection lim- 
its, spike controls should be included as part of the test, even with 
validated assays. For recombinant adenoviruses nroduced using 
293 cells, RCAdetection by PCR methods can be confounded by d& 
tection of residual 293 host-cell DNA (detection of the El region). 
PCR assays, however, can be designed to specifically quantitate host 
cell DNA contamination and can be made specific to particular fomrs 
of slow-growing RCA. Quantitative PCR assays can be used in con- 
junction with a cell-based method for precise quantitation of RCA 
levels. When a tested samole is found to be nositive. the identitv of 
the RCA is usually confirmed by conducting PCR analysis. This &es 
out the possibility that contamination of the assay by exogenous wild- 
type adenovirus or other adventitious agents is responsible for the po- 
sitive result. 

For retroviral vectors, testing for RCR is required for cell banks, 
viral vector production lots, and any resultant ex vivo product lots 
(see the FDA’s Draft Guidance for- Industry: Supplemental Guidance 
on Testir1.y for Replication Competent Retro~w-us in Retrovrral Vector 
Based Gene Thel:apJj Productshnd During Follow-Up of Patients in 
Clinical Trzals Using Retrovrral Vectors, October 2000). Standard as- 
says have been designed to detect replication-competent murine leu- 
kemia virus (MLV). The pathogenesis and potential long-term 
toxicity of low-level amphotroplc MLV in human beings is not 
known. Methods commonly used to detect RCR include an amplifi- 
cation of virus titer by apphcation of product to a replication-permis- 
sive cell line such as Mus dunni. Because infection is limrted bv the 
ability of a virus to reach the cells through Brownian motion, piece- 
dures (e.g.. centrifugation and filtration) that nhvsicallv brine the 
vuus into contact with the cells may be ‘used tb enhance detectron. 
However, high-titer recombinant vector can interfere with the detec- 
non of low-level RCR and this interference may be enhanced through 
such methods. Infected cells are passaged several times to allow viral 
replication. Culture medium is harvested at the end of the culture per- 
iod and RCR detected by using an indicator cell line. If the product IS 
an amphotropic MLY RCR may be detected by using a feline cell- 
based PG4 S+L- assay, a mmk cell-based MiCl S+L- assay, or a mar- 
ker rescue assay. In S+L- assays, the RCR expresses proteins that 

lead to transformation and subsequent plaque formation on the mono- 
layer. In a marker rescue assay, RCR Infects a cell line that expresses 
a retroviral vector encoding a marker gene such as /3-galactosidase, 
drug resistance, or a fluorescent protem. The vector IS packaged by 
the proteins supplied to it in trans by the RCR. The potentially vector- 
laden supematant is transferred to narve target cells that are then 
screened for expression of the marker vector. 

Testing for RCR is performed by cocultlvation of the cell line or 
amplification of vector supematant with an RCR replication-permis- 
sive cell line, typically Mus dunni, for several passages Culture med- 
ium is harvested at the end of this cocultivation process and applied to 
an appropnate indicator cell line as described above. It is important to 
note that artifacts may be generated during the cocultivation assay by 
expression of an endogenous virus m the permissive cell line or 
through fusion if the vector-producing cell line is cultured directly 
with a marker rescue cell line. In addition, cocultivation may not 
be possible for ex vivo cell products that have specific culture require- 
ments or limited culture life spans. 

Methodologies for testing ihe presence of RCR in crude, puritied 
bulk or final vector products are not specified. The FDA has deposited 
a reference standard of an amphotropic hybrid MLV with the ATCC. 
This viral stock has been assigned a label titer and should be used in 
assay validation. Method validation should demonstrate the ability to 
reproducibly detect a single RCR particle in individual product types 
because the product and its related impurities can interfere with the 
detection of RCR. Currently there are no acceptable limits for RCR 
contamination in products. Any product lot found to contam RCR 
cannot be used for human use. 

Reference standards for assessing RCV in other viral vectors in- 
cluding ecotropic, xenotropic, or pseudotyped MLV, adenovirus, 
and lentivirus have not been developed. Amplification and detection 
of replication-competent HIV, especially its pseudotyped vanants. 
may warrant special containment and handline procedures. 

Additional safety testing usually focuses on’ methods similar to 
those described under Biotechnologv-Derived Articles (1045). for 
Safety Tests-Biologicals under Biological Reactivity Tehs, In’ ‘Kvo 
(SS), and under Sterility Tests (71). For viral gene therapies produced 
using a human cell line, performance of the m vitro adventrtious agent 
bioassays using 3 ceil lines is recommended on either the bulk or final 
product. For adenoviral vectors, specific tests for adeno-associated 
virus are also recommended on either the bulk or final product. For 
adeno-associated virus, specific tests for adenovirus and herpesvirus 
are recommended on either the bulk or final product. 

NONVIRAL GENE THERAPY PRODUCTS 

Safety testing usually focuses on methods similar to those de- 
scribed under BiotechnologyDerived rlrticies (1045), for Sufet~v 
Tests-Biologicals under 3iological Reactivity Tesrs. In ho (88)) 
and under Sterzli~ Tests (71). However, the General Safety test is 
not required for therapeutic DNA plasmid products (even if fonnu- 
lated). Safety testing should be performed on nonviral formulated ma- 
terial. If the shelf life of the formulated nonviral therapy is very short, 
then the components should be tested individually. 

Dose-Defining Assays 

GENERAL CONSIDERATIONS 

An assay that precisely measures the amount of the product is re- 
ferred to as a dose-defining assay, and it is selected on the basis of its 
precision and accuracy. An assay that measures therapeutrc activity of 
the product is referred to as a potency assay and tt is designed to mea- 
sure product function. The design of the assay is dependent upon the 
type ofproduct. In the case of drugs, the assays measunng the amount 
of active ingredient (dose) are referred to as strength assays. 

Product dose can be defined as the concentration or amount of the 
drug product administered to the patient and it is typically measured 
as product mass. For cell and gene therapy products, attributes such as 
viable cell number, milligrams of plasmid or antisense oligonucleo- 
tide, or the viral particle number are often used to define the dose of 
the product. 
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CELL THERAPY PRODUCTS 

Cell therapy products may be dosed on the basis of enumeration of 
one or more cell populations. For ex VIVO gene therapy, dose may be 
based on cell number as well as level of expression of the gene pro- 
duct. For products m the form of a homogeneous, single-cell suspen- 
sion, viable ceil number is the most frequently used assay. Such 
assays may include enumeration of all cdlls, tdtal nucleated cells, 
or another subset of cells. Viability assays are usually based on a 
cell’s ability to exclude a supravltalhye. s&h as trypanblue. Results 
are expressed as the number of cells that exclude the dye and are 
therefore considered viable. The compound 7-AAD, a red-fluorescing 
compound that binds to nuclear proteins and 1s also excluded by VI- 
able cells, may be incorporated mto flow-cytometric methods for si- 
multaneous determmation of viability and cell-identity markers. 

Cell counting may be performed rapidly by manual or automated 
methods, Manual cell counting by visual enumeration of cells in a 
hemacytometer chamber is a readily available technique with accep- 
table accuracy, but a lower degree of precision than most automated 
methods. Typical instruments for automated cell counting provide re- 
producible enumeration of nonnucleated cells (e.g., exythrocytes and 
platelets) and nucleated cells and differential counting of the nu- 
cleated cells into mononuclear and polymorphonuclear leukocyte po- 
pulatlons. Further discrimination of specific cell populations usually 
requires cell-surface phenotype analysis by flow-cytometric or other 
methods (see Cell Therapy Products under Identity). The proportion 
of a specific subpopulation of cells may be determined by FACS ana- 
lysis or by flow cytometry. 

An example of a cell enumeration assay is the enumeration of 
CD34-positive (CD34+) hematopoietic progenitor cells, the number 
being expressed as the number of cells per recipient’s body weight. In 
numerous studies this measurement has been shown to predict hema- 
tologic reconstitution following myelosuppressive or ablative therapy 
in autologous or allogeneic hematopoietic transplantation. 

For products that contain cells in a nonhomogeneous suspension, 
such as cells that form a two- or three-dimensional structure, altema- 
tive measures for cell enumeration, such as total area of a cell sheet, 
wet weight, total protein, and total DNA, have been used. If such 
measures are used to determine product dose, then supplemental tests 
must be performed to demonstrate therapeutic activity. 

VIRAL AND NONVIRAL GENE THERAPY PRODUCTS 

Particle concentration is a commonly used measure for viral vector 
product dose. Particle concentration may be measured by physical, 
bionhvsical. or in vitro cell-based assays. For examule. auantitation 
of &&tied gdenoviral particles may be- determined $y &g the op- 
tical densitv of a solution of virus in 0.1% (w/v) sodium dodecvl sul- 
fate (SDS) solution, at 260 nm, becausd a ielationship between 
absorption and particle concentration has been published for adeno- 
virus. The particle number concentration IS equivalent to the product 
of the absorbance at 260 nm in a 1 -cm cell, the dilution factor, and 1.1 
x 1O1* particles.’ Other methods to determine particle concentration 
include particle counting by electron microscopy and integration of 
viral peak area against an authenticated reference standard in an an- 
ion-exchange resin-based high-pressure liquid chromatographic 
(HPLC) assay. 

Virus concentration can also be assessed through the measurement 
of selected structural proteins with known molecular masses and 
known copy numbers within the virion. For this method, the virus 
has to be lysed, and the structural proteins have to be separated by 
usmg an appropriate, high-recovery chromatographlc procedure 
(e.g., reverse-phase HPLC). The chromatographic separation and 
the identlty and the purity of the selected structural protein has to 
be venfied dunng assay validation by methods such as SDS polyacry- 
lamide gel electrophoresls (SDS-PAGE), peptide sequencing, and 
mass spectroscopy. The selected S~~.K~UEI~ proteins have to be quan- 
tified, for example, by integrating chromatographic peaks at 2 14 nm 
and comparing the area to an authenticated reference standard. The 
virus concentration can then be calculated based on the molecular 
mass, the copy number, and the measured mass of the protein. Very 
importantly, the vuus concentration can be estimated simultaneously 

for multiple structural proteins, allowmg the use of this assay m rela- 
tively impure virus preparations. This method has been applied to 
adenovirus and should be applicable to other viral vector types. 

Blophysical methods of determining particle number include direct 
auantltation of vector nucleic acid bv radiolabeled-urobe hvbridlza- 
tion and indirect quantltation by aiplification of iemplati nucleic 
acid (e.g., PCR and RT-PCR) or by slgnal amplification (e.g., 
branched-chain DNA usme multinle-urobe hvbridization1. 

In cases where biophysycal m&ho& are iot available: bioassays 
that measure gene-vector titer have been used. These involve infec- 
tion, transfection, or transduction of a susceptible cell line in vitro, 
followed by some measure of the product uptake. Methods for quan- 
titation or estimation of the number of infection, transfection, or 
transduction events include plaque-formmg unit assays, tissue culture 
infectious dose, 50% (TCID 50 ) assays based on cytopathic effect or 
immunofluorescent detection of an expressed vector protein, or a 
quantitative DNA-hybridization assay. Examples are as follows. 

For retroviral or lentiviral gene therapy products or AAVs that car- 
ry a selectable marker (e.g., that for neomycin resistance) or a reporter 
gene (e.g., P-galactosidase) in addition to the therapeutic gene, the 
infectious titer is commonly determined by measuring the number 
of transduced or infected cells expressmg these nontherapeutic pro- 
teins. Vector titer is typically reported as the number of colony-form- 
ing units (cfu) per mL for cells transduced with viral vectors 
containing drug-resistance markers and selected for growth in drug- 
containing medium. Titer based on P-galactosidase can be expresseh 
in terms of blue (cfu) per mL after staining and countine the cells that 
convert the P-gaiactbsidase substrate X-G11 into a blue&romophore. 
For vectors without a marker gene, quantitatlon of transduction has 
been measured precisely by using quantitative PCR. 

Most nonviral gene iheiapy p?o&cts contain plasmid DNA and 
their usual measure of dose is the DNA mass. The DNA mass may 
be determined in the formulated state, and, if recombinant protein is 
included in the formulation, the total combined mass of all formula- 
tion components based on a specific ratio can be used. DNA concen- 
trations greater than 500 ng per mL are most simply detennined by 
using optical density measurement at 260 nm. This method is not gen- 
erally applicable td lipid-formulated DNA. Because RNA and pro- 
teins also have significant absorbances at 260 nm, other analyses 
must be performed to demonstrate that there is minimal contamina- 
tion with RNA, protein, or residual host-cell chromosomal DNA. 
Dyes that specifically bind to double-stranded DNA allow the 
DhA concentrations o? less than 500 ng per mL to be measured ac- 
curately when calculated against an authenticated DNA standard 
curve. PicoGreen is one such fluorescent dye and it is minimallv af- 
fected by single-stranded DNA, RNA, protdins, salts, and detergknts. 
The fluorescent dye Hoechst 33258 also binds to both double- 
stranded and single-stranded DNA and it can be used to determine 
DNA concentrations as low as 0.3 ng per mL. The Hoechst 3325X 
does not bind to protein or RNA and It can accurately determine 
the DNA concentrations in crude samples. 

Methods, such as capillary electrophoresis, employing an authen- 
ticated reference material can also be used to determine the strength 
of nonviral and antisense-oligonucleotide products. 

Potency 

GENERAL CONSIDERATIONS 

Potency is defined as the therapeutic activity of the drug oroduct. 
Together with dose, potency defines the biologl’cal activity ofeach lot 
(see General Considerations under Dose-Defimng Assaraj. Potencv 
may be assessed through m vitro or in viva-bioaisays. ‘It ‘1s not &- 
common for these assays to have coefficients of variation between 
30% and 50%. These assays require a well-defined, representative 
reference material that can be used as a posltlve control for the assay. 
The positive control serves to qualify the performance of an indivi- 
dual-assay. Potency assay development should focus on characteriz- 
ing and controlling variability. The high-precision assays are more 
e@ectlve tools in monitoring product quality. Informat& about po- 
tency-assay variability should be incorporated mto the stability study 
design and the proposed statistical approach to assignment of expn-a- 
tion date (see SfabilzQ). 

’ From CBER’s F’olnts to Culls&r for Human and Somatx Cell and Gene 
Tl~emap~, Apnl 1998. 
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CELL THERAPY PRODUCTS 

Functional assays that can be performed on cellular products are 
application-related and include viable cell number and a wide range 
of colony-forming assays, proliferative assays, cell-to-target killing 
assays. and assays that quantitate gene expression following gene 
transduction. For hematopoietic progenitor cells prepared from mar- 
row. oenoheral blood, or cord blood, traditional colony-forming as- 
say ‘iua&tates committed progenitor cells such as colony-for&g 
unit-granulocyte-macrophage (CFIJ-GM); this assay has been corre- 
lated with clmical engraftment outcomes m some studies. More re- 
cently, process-monitoring programs mcorporate assays such as the 
long-term culture-initiating cell (LTCIC) assay or the m vivo animal 
models such as competitive repopulation in immunodeficient mice to 
monitor the activity of the most primitive hematopoietic stem cells. In 
the case of cells intended for structural repair, proliferation under a set 
of defined ex vivo conditions may be used as the potency assay. If the 
cells release an enzyme or active molecule, a potency assay could be 
based on the units of enzymattc activity or on the total of active mo- 
lecules released. For instance, the production of insulin in response to 
changes in glucose levels could be the basis of a potency assay for 
cells intended to treat diabetes. 

Patient-specific products, such as autologous cancer vaccines that 
elicit an in vivo nnmune response, present a challenge in demonstrat- 
ing therapeutic activity in an in vitro or in vivo assay system. Assess- 
ment of potency in these circumstances is currently the subject of 
public-policy debate. Novel approaches to measuring potency, such 
as the correlation of clinical outcome to other characterization tests 
such as identity tests, may be appropriate and should be discussed 
with regulatory authorities early in development. For example, the 
ability to determine specific cell-surface identity markers by employ- 
ing how-cytometric techniques or vital stains may be an acceptable 
measurement of potency if properly validated and correlated with 
clinical outcome. 

VIRAL AND NONVIRAL GENE THERAPY PRODUCTS 

Bioassays empioyed to measure the potency of viral and nonviral 
gene therapy products generally involve infection, transfection, or 
transduction of a susceptible cell line in vitro, followed by some func- 
tional measure of the expressed gene of interest. Functional assays for 
the therapeutic gene (e.g., those-measuring enzyme activity and-cyto- 
kine activity) should generallv be used instead of analvtical methods 
such as en$me-link;d immunosorbent assay (ELISA), HPLC, or 
FACS, which provide information about the level of expression but 
only infer function. In addition, for viral vectors, infectious titer mea- 
surements by themselves are generally not considered an adequate 
measure of product potency. The design and ultimate suitabihty of 
an assay system for determining product potency will depend on 
the relationship between the intended human target cell in vivo and 
the following: (1) the transduction or transfection efficiency of the 
cell line used in vitro; (2) the protein expression levels, and (3) the 
duration of expression required for the therapeutic effect, 

In vivo tests may also be used to measure vector-product potency. 
Readouts may be based on a response per animal (e.g., blood levels of 
therapeutic protein 24 hours after treatment) or a arouo response rate 
(e.g.,-percentage of animals that elicited an’immuke response or sur- 
vived vims challenge). The availabilitv of an aouromiate in vivo test 
system will depend& the vector-host range ifor Viral vectors), the 
pharmacokinetics and biodistribution of the vector and its resultant 
gene product relattve to its human counterpart, and the time frame 
required to observe the therapeutrc effect or surrogate. Issues of cost, 
facilities, validation, and ethics will determine the practicality of an m 
vivo potency test. 

Purity 

GENERAL CONSIDER4TIONS 

Anafytical methods that separate, isolate, and specifically quantify 
the intended active product components determine product purity. 
Impurities are either product- or process-related components that 
can be carried through to the final product. The manufacturmg and 

purification process should be opttmized to consistently remove im- 
purities while retaining product activity. The requirement to test for a 
particular impurity for product lot release will depend on the follow- 
mg: (1) the demonstrated capability of the manufacture and purifica- 
tion process to remove or inactivate the impurity through process 
va!idation, and (2) the toxicity potential associated with the impurity. 

Examples of process-related impurities associated with cell and 
gene therapy products mclude residual production-medium compo- 
nents (e.g.. FBS, antibiotics, cytokines, and Eschericlzia co/i chromo- 
somal DNA in a plasmid product), ancillary products used in 
downstream processing (e.g., nucleases such as DNase I), and resi- 
dual moisture for lyophilized vector products. Impurities may be 
bioactive (e.g., cytokines and hormones) or immunogenic (e.g., pro- 
duct aggregates, degradation products, plasmid-selection markers, 
and nonhuman-derived proteins) or they may have other deleterious 
effects (e.g., they may compete with the product) if admmistered at a 
dose equal to that of the product. Product-related impunties are spe- 
cific to each product type. Examples include differentiated cells in a 
stem-cell therapy product, nicked plasmid forms in nonviral products, 
and defective or immature virus particles m retroviral or adenoviral 
vector products. Analytical methodologiesto assess purity require 
quantitation or physical separation of intended product from its im- 
purities. Common sense should drive the need to quantify specific 
impurities. It may be possible to validate the manufacturing process 
to the extent that specific lot-release testing for impurities will be very 
limited. An emphasis may be placed on demonstrating the consis- 
tency of the product-impurity profile. 

Testing for impurities is often extensive during product character- 
ization and process validation when the consistency of the manufac- 
turing and purification process is being demonstrated. Testing for 
impurities as part of lot-release testing should reflect the safety risks 
associated with the impurity and the ability of the process to consis- 
tently remove that impurity. 

CELL THERAPY PRODUCTS 

One measure of purity is the percentage of viable cells in the total 
cell population. Another measure is the percentage of transduced cells 
or the percentage of cells with a specific marker. If an entire popula- 
tion of cells is the therapeutic agent, methods should determine the 
relative amounts of each subpopulation. Limits should be defined 
for each cell subpopulation. These assays may be based on immuno- 
logical methods utilizing flow cytometry or DNA-hybridization dot 
blot analysis. Additional tests for process contaminants areperfonned 
depending on the specifics of the manufacturing process. For exam- 
ple, a quantitative ELISA for residual serum proteins may be re- 
quired. If the cells are genetically modified during manufacture, 
then testing for residual vector may need to be perfomled. 

For gene-modified cell therapies, detemlining the purity of the cell 
therapy product depends on the availabiltty of reagents and methods 
to distinguish therapeutic cells i?om the other cells present tn the pro- 
duct. Asm the case-of gene therapy products, gene-modified cellscan 
be distmguished from the unmodified cells on the basis of expression 
of the transgene. FACS using an antibody that detects the therapeutic 
protein or fluorescent probes that detect expressed RNA allow the se- 
paration and quantitation of the transgene expressing and nonexpres- 
sing cells. By adding an antibody to a cell-specific phenotypic marker 
and by using a double-sorting techmque, FACS can be used to further 
identify the subpopulation of cells that are modified. 

Endotoxm testmg is also required. Biomaterlals used with cell ther- 
apy products should also be tested for their biocompatibiltty. 

VIRAL GENE THERAPY PRODUCTS 

Product-related impurities for viral vectors include aggregates and 
defective and m~mature particles that may be produced during the 
manufacture or purification of the recombmant vector. Aggregates 
of vector may form if the product is highly concentrated, stored under 
certain conditions (e.g., under certain pH or temperature), or recon- 
stn-uted after lvophihzation. Assavs to detect aggregates Include par- 
ticle size anal$is by laser light-scattering and tl;L use of nonreducmg, 
nondenaturing PAGE. followed bv staintng of the eel or transfer and 
detection of viral proteins by Western blo”t analy&. Sedrmentatlon 

. 
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rate analysis also allows separation of aggregates from monomers 
based on size. Optical density analyses of light-scattering are also 
used to assess vector aggregation. 

Defective particles are vrral particles that do not contain the appro- 
pnate recombinant genome, that is, they contain some other nucleic 
acid or contain no genome at a!!, or the vector has some missing, de- 
fective, or otherwise altered structural component that impalrs Its 
ability to transduce a cell. For vnal vector systems that have capso- 
menc symmetry, which requires the appropriate nucleic acid incor- 
poration for configuration, empty particles may be readily 
distinguished from those carrying genomes. For enveloped viruses, 
empty particles may not be as readily separated from those with en- 
capsidated nucleic acid. 

For some viral vector products, active viral particles may be sepa- 
rated from defective particles by using analytical HPLC. Anion-ex- 
change resins have been used to separate active adenovirus from 
defective virus particles. However, this method might not be useful 
for an adenov& vector purified by amon-exchange chromatography 
unless the resin for the assay is different from that used during man- 
ufacture. Depending on the nature of the viral vector and its nonactive 
or defective forms, other methods of separation, such as equilibrium 
centrifugation in a ceslum chloride density gradient, may need to pre- 
cede the quantltation of the active particle. Ideally, the method of se- 
paratlon will allow quantitation. 

Defective particles that cany a noncell-derived oncogenic gene or 
other undesirable genes may pose a special concern. For example, in 
murine-based retroviral packaging cell lines, small viral elements 
called VL30 sequences can be packaged m about one third of all par- 
ticles. Assays may need to be developed to quantify specific defective 
particles if they are known to be present in quantities sufficient to 
pose a safety concern. 

Virus quality and the comparability of preparations can also be as- 
sessed by measurmg selected structural proteins with known molec- 
ular masses and known copy numbers within the virion. For this 
method, the virus is lysed, and the structural proteins are separated 
by using reverse-phase HPLC or some other high-recovery chroma- 
tographic procedure. The chromatographlc separation should be va- 
lidated and the identity of the selected structural proteins verified by 
methods such as SDS-PAGE, peptide sequencing, or mass spectra- 
scopy. One can fingerprint the batch based on quantification of the 
selected structural proteins and comparison to a reference standard. 
When the method incorporates the use of mass spectroscopy, imp+ 
rities such as structural variants can also be identified. For adenovirus 
preparations, some precursor and most mature virion proteins can be 
momtored, thus allowing monitoring of the product and of the imma- 
ture virion forms. 

Host cell-derived proteins may be considered impurities for some 
viral vector products and may be separated and quantified by PAGE 
or HPLC or detected by amino acid analysis, Western blot, or immu- 
noassay-based methods. However, for enveloped viruses such as ret- 
roviruses, host cell-derived membrane protems are an integral part of 
the product. In those vector systems, it may be difficult to determine 
the presence of contammating exogenous host-derived proteins. 

Presence of specific process-related impurities depends on the 
manufacttrre and-purification process of each vector or’product type. 
However, most products ~111 need to be tested for residual endotoxin 
(see BacteriaZEndotoxins Test (85)). Acceptable limits of endotoxins 
have been determined and can be directly applied to vtral vector pro- 
ducts 

Although genomic DNA derived from continuous cell substrates 
used to manufacture biological product has been considered histori- 
cally as potentially tumongenic, recent studies suggest that the risks 
are very low. However, every attempt should be made during process 
development to reduce contammatmg DNA levels. The need to test 
for residual DNA as part of product lot release should be evaluated on 
a case-by-case basis and may be dependent upon the size distribution 
of the DNA, Its association with the product or its formulation com- 
ponents, and the route of administratlon of the product. Quantltatlve 
PCR assays have been developed to analyze the amount of residual 
host-cell DNA by using primers designed to amplify evolutionarily 
conserved and abundant target sequences, such as 18s for 293 ceils. 

Quantitatlon of residual semm components such as bovme serum 
albumm (BSA) can be achieved by using ELISA and a BSA reference 
standard. Specific functIona or immunological methods may need to 
be developed for other ancillary products including other culture 
media or purification process components such as cytokines or en- . -._ - 

NONVIRAL GENE THERAPY PRODUCTS 

Testing is usually performed on the individual components, the 
plasmid DNA, the lipid or lipoplex components and (recombinant) 
protein components if any are present in the fonnulatlon. Plasmid 
DNA is characterized for a variety of impuntles including residual 
host-cell DNA, residual RNA, and residual protein. Residual protem 
testing is frequently included in lot-release testing. Optical density 
ratios, usually the ratio of the measurement at 260 nm to that at 
250 nm, are dequently used in purity specifications for plasmld DNA. 

In addition. the ulasmid DNA should also be characterized with . 
regard to its form. Plasmid DNA forms include monomeric super- 
coiled, relaxed monomer, and linear forms. The profile of forms needs 
to be monitored for product consistency. Additionally, it may be pos- 
sible to correlate form with in vivo transfection behavior. Whde 
monomeric supercoiled plasmid has been shown to be more efficient 
than relaxed monomer, linear, or multuneric forms of the plasmid in 
transfecting cell lines in vitro, in vitro transfection has been shown to 
not always predict in viva behavior. Formulation, delivery method, 
and route may impact m vivo transfection. Agarose gel electrophor- 
esis can resolve these forms of plasmld, which are then detected by 
W after ethidium bromide staining. This method provides informa- 
tion about the relative levels of the plasmld forms, but it is not highly 
quantitative for the individual species. Analytical anion-exchange 
HPLC can be used as a quantitative assay for monomeric supercoil 
and percentage of other forms, including concatamers. Other sophis- 
ticated methods, such as capillary zone electrophoresis, linear-flow 
dichroism, and atomic-force microscopy have been proposed as re- 
placements for agarose gel analysis. Until they are validated, these 
analytical methods may be more appropriate for characterization stu- 
dies in support of process development and validation rather than for 
lot-release testing. The appropriate methods for lot release will de- 
pend on what effect these alternate plasmid forms have on the product 
potency. Many of these methods: such as HPLC, are also applicable 
to the assessment of the purity of antisense-oligonucleohde products 
and the determination of the level of by-products. 

Tests for process-related impurities, such as cesium chloride, must 
also be conducted. In the case of antisense-oligonucleotide products, 
residual solvents must be quantified. Lipid and lipoplex formulation 
components must also be tested for their chemical purity. Testing for 
specific chemical impurities is commonly performed by using gas 
chromatography-mass spectroscopy (GC-MS), high-pressure Iiquld 
chromatography (HPLC), or thin-layer chromatography (TLC) meth- 
OdS. 

If protein is part of the formulated complex. then the protein must 
also be tested for purity. The methods outlined under Biotechnolo,qv- 
Derived Articles (1045) or under Biotechnology-Derived drticles- 
Tests (1047) are relevant. 

Bacterial protein, DNA, RNA, and endotoxins are the major types 
of host-derived process contaminants. Standard protein assays (e.g., 
Lowry, Bradford, or Coomassie), PAGE followed by silver stainmg 
or Western blot analysis, or ELISA can be used to detect residual host 
protem in the nanogram range. Host chromosomal DNA may be de- 
tected by slot blot hybridization (detection in picogram range) or by 
PCR using highly conserved target sequences (e.g., l&S for Escher- 
ichia coli). However, low background may be unavoidable in PCR- 
based assays because the recombinant polymerases used for the am- 
plification of target also contain residual bacterial DNA. PAGE or 
agarose gel electrophoresis followed by fluorescent dye staining 
may be used to detect residual RNA. Ouantitatlon mav not be re- 
qmied given the labile nature of RNA a;d the low-lev& toxicity as- 
sociated with it. 

Certain antlblotics, such as kanamycin, that may be used during the 
fermentation process must be removed dunng the process, and vali- 
dation of the process or lot-release testing must be performed to con- 
firm removal during the purification of the plasmid. HPLC is one 
method that can be used to detect low-level residual antlbiotlc. 

LYOPHILIZED VIRAL AND NONVIRAL VECTOR 
PRODUCTS 

Residual moisture may affect the stability of a lyophilized vector 
product. The FDA’S Gudellne for the Determznntion of Residual 
Moisture in DI?, Biological Products (January 1990) recommends a 
1% residual molshlre level, although data indicating no adverse ef- 
fects on product stability at higher leveis will be considered accepta- 

zymes (e.g., nucleases such as UNase 1 or benzon nuclease). 
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ble. Residual moisture levels can be determined by using a standard 
method (see Purer Determination (92 1)) that 1s compattble with the STABILITY 
formulated product. 

USP-NF 

General Considerations 

Identity 

GENERAL CONSIDERATIONS 

Lot-release testing for cell and gene therapy products must include 
an identity test. This test serves to specifically identify the product. 
The complexity of the identity test will depend on the nature of the 
specific product and the array of products being manufactured. For 
example, more extensive and rigorous testing may be performed 
for an autologous gene-modtfied cell therapy product at a factlity 
where multiple patient products are manufactured than for a vtral vec- 
tor product produced at a site that manufactures a smgle vector pro- 
duct. 

CELL THERAPY PRODUCTS 

Cell therapy identity tests must be relevant to the cell type and ma- 
nipulations applied during processing. Differential surface markers 
(for instance, CD3, CD4, CD34, and CD45) are frequently used to 
ascertain product identity. Flow-cytometric immunoassay methods 
are the most common means of detecting and quantifying these mar- 
kers. In this tvne of assay. a samnle of the cells is stained with fluor- 
escently labeled antibodies direcied against specific identity markers 
and then passed as a single cell suspension in front of a laser source. 
Identification and quantitation of particular cell subsets is accom- 
plished by multiparameter anaiysis, usually of size and granularity 
(measured by forward and side light-scattering) and of one or more 
identity markers (measured by emitted fluorescence). Simultaneous 
quantitation of cell viability can be performed by adding 7-amino-ac- 
tinomycin D (‘I-AAD) to cell suspensions marked with antibodies 
conjugated to green (e.g., FITC) or orange (e.g.. phycoerythrin) fluor- 
escent compounds. 

Analyses, such as isoenzyme analyses, employing biochemical 
markers are also used. For example, isoenzyme analyses are used 
to confirm species in the case of xenotransplants. Cell morphology 
can be used if it can distinguish specific cell types or unique function. 
Morphology can be combined with doubling-time parameters to bet- 
ter distinguish different cell types. 

VIRAL GENE THERAPY PRODUCTS 

Restrictton enzyme mapping and sequencing of the transcriptton 
unit DNA are the most commonlv used anoroaches to establishing 
the tdentity of viral vectors for cha&teriza&r purposes. PCR-base2 
methods, restriction enzyme mapping, and transgene expression- 
based irnmunoassays are most commonly used to confirm the identity 
during lot-release testing. 

NONVIRAL GENE THERAPY PRODUCTS 

Restriction enzyme mapping is the most common identity method 
for plasmid-DNA and anttsense-oligonucleotide products. The num- 
ber of enzymes used to create the vector fingerprint will vary with the 
complexity of the DNA and the degree of similanty between multtple 
products. If hpids. lipoplex agents, or proteins are used to fonnulate 
the DNA, then their identity must also be tested. Lipids and Iinoulex 
chemicals may be identtfieh by procedures used for tradinonai phar- 
maceuticals, such as GC-MS, TLC, and the like. Protein components 
of the formulation may be identified by peptide mapping or other 
means outltned under Blotechnologv-Derived iirticles-Tests 
(1047). 

-_ 

The shelf lives of cell and gene therapy products will vary widely, 
depending on the nature of the product, tts mtended clmical use, Its 
specific attributes, and the recommended storage. packaging, and 
shipping condttions. Therefore, it IS difficult to draft uniform guide- 
lines regarding stabiltty-study duration and testtng frequency applic- 
able to all gene and cell therapy products. In all cases, the stabilny 
study should be designed on the basis of sctenttfically sound princi- 
ples and approaches and a comprehensive understanding of the final 
therapeutic product and its intended use. Stabthty of m-process hold 
steps, cell and vuus banks, crittcal raw materials, and reference stan- 
dards also needs to be assessed. A well-designed and executed stabi- 
lity program will provide a high degree of assurance that the product 
is stable within the specified shelf hfe. 

For viral and nonvual vector gene therapy products and cell ther- 
apy products that are not patient-specific, the selection of batches to 
support license anolication and final-nroduct labeline should be car- 
ried out in accordance with the pnnci’ples of stability-testing, such as 
those described in ICH nuidelme OX. oresented under Ounlifi~ of 
Biotechnological Prod&: StabiliG Te.$ng of Blotechrtol;gicai/Bd 
ologlcal Products (1049). Stabihty data should also be collected for 
bulk material and other in-orocess ooints if material 1s stored before 
final processing and filling: 1 

Nonviral DNA plasmid vectors are often formulated with specific 
mixtures of lipids, proteins, or lipoconjugates to form liposomes or 
encapsulated complexes. Depending on the formulation used, a shelf 
life of hours to Years can be attained. Where a nroduct has a short 
shelf life, the fin>1 formulation may need to be piepared at the clinic 
just before admimstration. Instabihty is frequently observed as aggre- 
gation and precipitatton. Formation and stability of the formulated 
complex must be established through validation-studies during pro- 
duct development. Stabiiitv data should also be collected for maior 
components of the formulated complex, such as the lipids, the hpo- 
somes, and the DNA itself. 

For many patient-specific cell products including transduced pro- 
ducts, each product is umque and often only one lot is prepared for a 
single patient. In general, the lots tend to be of small volumes, some- 
times less than 10 mL, and they may involve products that cannot be 
frozen and hence have short shelf lives (between 24 and 72 hours) as 
the cells continue to metaboltze their medium. Protocols to establish 
stability of patient-specific therapy should use materials from multi- 
ple donors and at least three lots. Well-characterized banked primary 
cells may be used in the validation of storage. shippinq, and expira- 
tion dating if the donors have a range of pro&es expected for the pa- 
tient population to which the theranv will ultunatelv be directed. The 
stabiht$ of the product under the -holdtng condittons at the medical 
center should be validated. 

Stability-Protocol Development 
Formal stability studies to support hcensure as well as early phase 

product stability tnformation gathering should be detailed III a written 
plan that describes how stability data will be collected and analyzed 
to support the expiration period of the product. Protocols should fol- 
low the format recommended tn existing guidelines and include the 
scope, storage condittons, number of lots to be tested, test schedule, 
assays to be used, data analysis, and product spectficattons. Any as- 
say used in a fonnal stability study for licensure must be validated 
before the study begins. The specific study design should take mto 
account the reasonably expected possibilities the product may en- 
counter (see Accelerated and Most Appropr-late Challenge Condo- 
tzons) and tt should mcornorate the latest knowledge tn the 
btological sciences while addressing existing regulatory require- 
ments. For instance. if the final formulation of the nroduct is oer- 
formed at the clinical sate, stabtlity studies on this fina1 fonnulauon 
should be done to establish the time and condittons under which the 
product can be held. 

Stability studies must verify that the storage conditions maintain 
the purity and potency of the product, so that the product admmis- 
tered to the patient 1s still capable of satisfying the stability specifica- 
tions These specifications may differ from the release specifications. 
However, stability spectfications must be verified wtth chnical data. 
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Stability assessment should include assessment of product fimction- 
ality (potency). The potency assay often has a high degree of inherent 
vanablliw. Measuring and calculating the decay of product activity 
bv employing the standard statistical methodologies may require mul- 
tcple, frequent sampling Intervals over an extended period oftime and 
may require analysis of more than three production lots to compen- 
sate for the variabilitv of the assays. Initial studies to establish a pro- 
vIsiona expiration date must be conducted prior to administrati& to 
the first patient. Initial studies are also useful for determining which 
assays are stability-indlcatmg, that is, the best indicators of product 
degradation. Because existing compendia1 methods do not address 
the unique characteristics of cell and gene therapy products,the devel- 
opment of assays that would address these unique characteristics is 
encouraged. 

Accelerated and Most Appropriate Challenge 
Conditions 

The stability-indicating profile of a cell or gene therapy product 
may vary with time under the influence of a wide variety of environ- 
mental conditions, including temperature, extremes in physiological 
storage conditions, and hght. Multifactorial degradation pathways 
must be considered in the development of a program investigating 
the effects of these parameters on the stability of the products. Studies 
should include conditions that are outside of the specified storage 
ranges, that is, challenge conditions such as those encountered during 
oeriods of abnormal storage, shipping, or handling. Examples include 
brief incubator malfuncti&, incubator or cold storage failure, peri- 
ods of extreme temperature fluctuation due to shipping to hot or cold 
climates, hypobaric conditions experienced in the cargo hold of a 
commercial airliner, or temperatures likely to be encountered in the 
surgical suite. A short exposure to an environmental condition well 
outside of an established limit and a long exposure to an environmen- 
tal condition just outside of an established acceptable range may be 
equally detrimental. The slow and constant rate of product degrada- 
tion at a specified temperature may increase if a different set of sto- 
rage conditions is applied. The effect of light on the stability- 
indicating profile should be investigated if it is scientifically war- 
ranted. Special attention should be given to products stored in fluids 
containing light-sensitive or reactive components that may give rise 
to cytotoxic by-products. 

Studies analogous to accelerated aging studies typically used in 
pharmaceutical stability-monitoring programs are also useful to deter- 
mine how the product degrades and which assays are stability-indi- 
cating. These studies can be the same as some of those mentioned in 
the preceding paragraph. Other studies include placing a product at 
37” or at IS”, while its normal storage temperature is 25 +c 2”, or pla- 
cing a lyophilized product in a high-humidity environment. Such stu- 
dies should be performed before formal stability studies begin, so that 
the formal studies incorporate the validated stability-indicating assays 
into the protocol. 

STORAGE AND SJXIPPING 

General Considerations 
The storage conditions are chosen to preserve the purity and po- 

tency of the product so that the specifications for the product are 
maintained throughout storage, shipping, and handling at the clinic. 
Initial studies must be conducted prior to patient admmistration to 
determme acceptable storage, shlpping, and handling conditions. 
The mitral storage and shippmg conditions need not be those envi- 
sioned for the commercial product. They should ensure that the pro- 
duct specifications are maintained beyond the initially propdsed 
exnlration dating. For products with short shelf lives, storage and 
shipping conditi&, even within a medical center, need to be consId- 
ered together because shipping constitutes the bulk of storage time 
after manufacturing. Special consideration should be given to the 
ability of gas to permeate the shipping container, especially if the cell 
or gene therapy product is stored or shipped on dry ice. Once stabi- 
hty-mdicatmg methods are developed and the final storage and ship- 
ping conditions are chosen, these conditions are validated as 
discussed under Stnbihty 

Most products with limited shelf lives will be shipped by usmg re- 
liable overnight courier systems. In some cases, some critical pro- 
ducts are hand-carried onto commercial aircraft. Special permission 
must be obtained by commercial tamers if scanning by airport X-ray 
equipment is to be avoided. Cargo shipping studies should be de- 
signed during the development of packaging systems to identify stres- 
ses to which biological products may be subjected. Bracing and 
insulating materials should then be chosen and validated to provide 
a packaging system that will alleviate the extreme conditions of ship- 
ping. 

Cell Therapy Products 
Cryopreservation-Cryopreservation is the main mode used for 

the long-tenn storage of cells, that is, storage of ceils for periods long- 
er than 1 year. (See also Suspensions under Formulation of Cell 7’her- 
ape7 Produce.) The rate of cooling for the cell solutions IS Important 
because of the mechanical and dehydration injuries resulting from the 
formation and growth of ice crystals. The ideal temperatures are de- 
pendent upon the type of cells being cryopreserved and the concen- 
tration of the cryopreservative. The optimal cooling rate for most cells 
is between 1” and 3” per minute. Controlled-rate freezers, which can 
reproducibly produce this optimal cooling rate, are critical when large 
numbers of vials or large volumes of cells in bags are being frozen. 
Once cooled to below tieezing, cells need to be stored at temperatures 
below -130”. This can be achieved with electric freezers or with li- 
quid nitrogen. Storage of cells in the vapor phase of a liquid nitrogen 
f?eezer reduces the risk of cross-contamination with other material in 
the freezer. However, a map of freezer temperatures needs to be gen- 
erated so that cells are not stored so far from the liquid nitrogen that 
they are subjected to temperatures above -130” as the liquid nitrogen 
evaporates or during the opening of the freezer. Some cells can be 
stored at -80” if the cells are to be used within a few weeks. 

Thawing-Thawing IS performed fairly rapidly. If a small amount 
of cells is to be reinfused or transplanted. DMSO does not need to be 
removed from the suspension, because most cell preparations can be 
concentrated adequately to keep the DMSO concentration within tol- 
erable limits. DMSO use has two effects on cells after thawing: cells 
may clump if damaged, and DMSO reduces cell viability in minutes. 
If the DMSO needs to be removed or cells need to be concentrated for 
administration, the defrosted cell suspension is generally serially di- 
luted to avoid osmotic shock and resuspended in a protein-containing 
medium. Cell viability and potency are generally determined after 
thawing, but the information may not influence the clinical use of 
the material. 

Frozen Products-Frozen cell therapy products are shipped to the 
medical center on dry ice or in liquid nitrogen dry shippers. Dry ship- 
pers may be preferable because temperature is more readily main- 
tained during shipping. Dry ice and liquid nitrogen are both 
considered hazardous materials during shipping. Storage conditions 
at the clinic need to be defined. Most pharmacies do not have access 
to liqud nitrogen freezers. At best, they have mechanical f?eezers 
capable of maintaining the temperature at -70”. Clinics that have 
cell-processing centers or are involved with bone marrow transplan- 
tatlon have liquid nitrogen Geezers. If further processing, for exam- 
ple, defrosting and administering, of the cell product IS performed at 
the clinic, the storage conditions and expiration date for the product 
should be specified. Often the laboratory that is handling the cells and 
the clinic that will administer the product have to closely collaborate 
because cells in a concentrated suspension survive for only a few 
hours. 

Unfrozen Products-Other ceil therapy products are stored unfro- 
zen. Because cells continue to metabolize during storage, their ex- 
piration period IS typically between 24 and 96 hours. The 
expiration date can be extended to several weeks by increasmg the 
volume of storage medium, by reducing the storage temperature, or 
by attaching a series of bags or compartments that allow the medium 
to be exchanged without breaching the sterility of the system. These 
products are shipped in insulatmg containers with refrigerant packs to 
maintain a defined temperature range. To stabilize the excursions 
f?om these defined and validated temperature ranges, well-designed 
container configurations with dense foam msulation, which protects 
the product from shifts in external environmental temperatures, are 
used. The product purity and potency should not be affected over 
practical shipment intervals, that is, intervals of 24 to 96 hours, either 
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at higher or lower temperatures. However, ifpotency may be affected, 
the shipping box configuration must be re-engineered to maintain op- 
timal potency for the longest possible shipping periods. The product 
itself should be placed in a lightproof, leakproof container wrth ade- 
quate physical support to ensure stability and prevention of leakage 
during typical conditions of shipment. 

Gene Therapy Products 
Most gene therapy products can be lyophilized or formulated by 

means similar to those employed for many recombinant protein pro- 
ducts or cell therapy products. These storage fotmulations typically 
have expiration periods longer than one year and no unusual shipping 
requirements. Nonvtral gene therapy products, which may be un- 
stable in their final formulation, can have similar expiration periods 
if they are stored in a multiple-vial kit with the nucleic acid in one vial 
and a carrier, such as lipids, m the other. The final formulation is per- 
formed at the medical center just before administration. 

LABELING 
Product labeling is regulated by the FDA and compliance with ex- 

isting regulations i.s required. Labeling of cell and-gene therapy pro- 
ducts as regulated biologics will be subject to these regulations. For 
bioloeics and devices (2 1 CFR 6 10 Suboart G and 2 1 CFR 801. re- 
spec&ely), the labeling requirements are’ separated into container la- 
beling and package labeling requirements. Both the container label 
and the package label must mclude the expiration date. If the contain- 
er is packaged, then the recommended storage conditions are in- 
cluded on the package label. If the container is not packaged, the 
recommended storage conditions and all other requirements of a 
package label must appear on the container label. Labeling must also 
comply with relevant national and international requirements. 

If antibiotics are used in the cell processing and therefore may be 
present in the final product, the labeling should reflect this. For cell 
therapy products that must be applied to the patient in a particular 
physical orientation, labeling that indicates the correct orientation 
should be apparent even after the package is opened. Similarly, if a 
device should be only grafted in a defined area, that area should be 
made readily apparent by labeling that IS evident once the package is 
opened. Unless the product has been screened for pathogenic or mi- 
crobial contaminants prior to release, appropriate biohazard labeling 
may be required. For products with vety short shelf lives, expiration 
dating will require adjustment and correction for time zones to pro- 
vide the user an accurate assessment of shelf life. Clinical procedures 
will be scheduled around these crucial time frames. For patient-spe- 
cific products, the patient’s full name, initials, or a combination of 
these will need to appear on the labeling, in addition to lot designa- 
tion, to ensure that the product ~111 be admmistered to the appropriate 
patient. 

REGULATIONS, STANDARDS, AND NEW 
METHODOLOGIES 

Summary of Regulations and Standards 
The technologies mvolved in cell and gene therapy products have 

been widely documented m the literature and are rapidly evolving. 
These products can be regulated as drugs, biologics, or devices, or 
not regulated at all, depending on how they are manufactured and 
used. The novel approaches permitted by these technologies may 
make it difficult to detemline which FDA centers will be involved 
in their regulation and the FDA has advised manufacturers to seek 
clarification in the early stages of develooment. Regulatton is the 
same as that for biotechnolog;-derived products. The g&era1 require- 
ments are described primarily in the 2 1 CFR. The federal government 
has issued many general guidelines as Points to Cons&r or Gui- 
dance documents (see www. fda.gov). ICH gutdance documents for 
many of the quality-related areas are directly relevant to qualifying 
cell and gene therapy products (see www.ifpma orgiichl html) and 
some of these documents are reproduced in USP -7.5 as general infor- 

mational chapters. National Institutes of Health (NIH) has pubhshed 
Guidelines for Research Involving Recombinant DNA Molecules (see 
http:lfwww4.od.nih.gov/oba/guidelines.html for text of the document 
and its amendments) that require NIH review of research, mcluding 
clinical research or trials, conducted or sponsored by mstitutions re- 
ceiving NIH funding. These guidelines apply to many gene therapy 
products. AATB has developed guidelines for sourcing allogeneic tis- 
sue. Public Health Service (PHS), with mput from the NIH, FDA, the 
Centers for Disease Control and Prevention (CDC), and Health Re- 
search Services Administration (HRSA). has developed guidelines 
for the use of xenogeneic-derived products (Drafi Pubhc Health Ser- 
vice (PHS) Guidelaze on Infectious Disease Issue-s m k’enotramplan- 
tatiorz, August 1996). In addition, ASTM is also developmg standards 
for tissue-engineered medical products. 

Need for New Methodologies 
Cost-effective commercialization of cell and gene therapy products 

requires the development and validation of new methodologies to as- 
sess product qua!& USP will adopt such new methodologies when 
they have been orooerlv validated. Similarlv. if reference standards or 
reference material; are-needed and availabjd, they could be included 
in the USP inventory to allow comparative analysis among various 
clinical trials or to serve as points of reference by manufacturers of 
these products for raw materials, process components, and process 
impurities. 

DEFINITION OF TERMS 
ADENOVIRUS-Virus belonging to the family Adenoviridae of 

DNA viruses having a nonenveloped virion with 252 capsomeres 
and a diameter between 70 and 90 nm; a single linear molecule of 
double-stranded DNA (36 to 38 kb); at least 10 structural ether-resis- 
tant and acid-stable proteins; virions are released by cell destruction. 

ADENOVIRIJS-ASSOCIATED VIRUS (AAVtHuman parvovitus con- 
tains a single-stranded DNA genomk and’depends on helper viruses 
(adenovirus. heroesvirus. or vaccinia-virus) for reolication. Without 
coinfection’the wild-type virions integrate at a specific site on chro- 
mosome 19 and remain latent. 

ADVENTITIOUS AGENT-A foreign substitute that is introduced ac- 
cidentally or inadvertently; not nahual or hereditary (as in microbial, 
chemical, or biochemical contamination of a purified substance). 

ALLOGENEIC-From an unrelated member of the same species; 
from the same species, but with a different genotype. 

AMPHOTROPIC Vmus-A virus that infects and replicates in cells 
from multiple species. 

ANCILLARY PRODUCTS-Components used during manufacturing 
that should not be present in the final product. Examples: growth fac- 
tors, cytokines, monoclonal antibodies, cell separation devices, med- 
ia, and media components. 

ANTISENSE THERAPY-The use of antisense oligonucleotides (a 
complementary segment to RNA) to control or inhabit gene expres- 
sion. 

APHERESIS-Procedure of withdrawing blood from a donor, re- 
moving select components (e.g., platelets or leukocytes), and retrans- 
fusing the remainder into the donor. 

AvTGLGGGus---From one’s own body. 
BASE PAIR-TWO nucleotide bases on different strands of the nu- 

cleic acid molecule that bond together. 
BIOASSAY-Measurement of the effectiveness of a compound by 

rts effect on animals or cells in comparison with a standard prepara- 
tion. (See also Potency ) 

B~OLOGKAL PRODUCT-Any virus, therapeutic serum, toxin, anti- 
toxin, or analogous product applicable to the preventton, treatment, or 
cure of diseases or mjuries in humans. (Tile term analogous product 
has been interpreted to include essentially all biotechnology-derived 
products and procedures including gene therapy, transgemcs, and so- 
matic cell therapy.) 

BIOTECHNOLOGY-Any technique that uses living organisms (or 
parts of organisms) to make or modify products, to improve plants 
or animals,& to develop microorganisms-for specific uses. The newer 
defimtion refers to the industrial and oharmaceutical use of rDNA, 
cell fusion, novel bioprocessing technfques, and gene therapy. 
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B LYMPHOCYTES (B cells)--A class of lymphocytes that produce 
antibodies and are denved from the bone marrow. 

$ I’ 
BONE MARROW CELLS-A variety of undifferentiated cells (stem 

cells) and differentiated cells (lymphocytes, granulocytes, erythro- 
cytes, and platelets) found in the internal cavities of bones or bone 
marrow. 

BONE MARROW TRANSPLANTATION-Transplantation ofbone rnar- 
row cells that are capable of maintaining the hematolonical functions 
indefinitely. Technique used in the treatment of immunological disor- 
ders (severe combmed immune deficiencies such as ADA defi- 
ciency), hematologica! disorders (anemia), metabolic disorders 
(Gaucher’s disease), and malignant diseases (leukemia, lymphoma, 
or solid tumor). 

CD34--Cluster ofLX#kre~ri~ution cell-surface marker 34. CD34 is 
a protein that distinguishes stem and progenitor cells from more ma- 
ture blood ceils. 

CELL Lanes-Cells that are derived from primary culture embryos, 
tissue, or organs. Such cell lines may have a finite life span or be im- 
mortalized (made to replicate indefinitely). 

CELL THERAPY--Therapy that uses whole cells to treat a disease, 
condition, or injury. 

CGMP-Current good manufacturing practice. The FDA outlines 
CGMP in the 21 CFR and in the Federal Regiszer and its Points to 
Consider. 

CHoNDROcrrES-Cells that produce the components of cartilage. 
CLoNAL-Genes, cells. or entire organisms derived from and ge- 

netically identical to a single common ancestor gene, cell, or organ- 
ism. 

CLONOCENIC ASSAY-Procedure based on the ability to give rise to 
a clone of cells. 

COMPLEMENTARY DNA (cDNA)---DNA synthesized from an 
mRNA rather than a DNA template. It is used for cloning or as a 
DNA probe for locating specific genes. 

CYTOKINE-Any factor that acts on cells; usually a protein that 
promotes gowth. 

CYTOPLASM-Cellular material that is within the cell membrane 
and surrounds the nucleus. 

CyrOTOsrc-Able to cause cell death. 
DEND~U~IC CELL-Cells that sensitize T cells to antigens. 
DIFFERENTIATION-A process of biochemical and structural 

changes by which cells become specialized in form and function. 
DIPLOID CELL-A cell with two complete sets of chromosomes 

(see Haploid Ceil). 
ECOTROPIC VIRUS-A virus that infects and replicates in cells from 

only the original host species. 
ELEc’rRoPoRATloN-Physica! means of eene transfer (usine a brief 

electrical field), involving-creation of temporary pores in cei mem- 
brane to introduce DNA. 

ELI%--Enzyme-linked immunosorbent assay. An immunoassay 
that utilizes an enzyme-labeled antigen or antibody to detect the bmd- 
ing of a molecule to a solid matrix. 

ENDOTHELIAL CELLS-Epithelial cells of mesodermal origin that 
line the internal cavities of the body, such as heart and blood and 
lymph vessels. 

ENGRAFTMENT-Process whereby cells, tissues, or organs are im- 
planted or transplanted into another organism. Refers both to the me- 
ihanical and the biological process& necessary to have a fully 
functional graft. 

ENVELOPED VIRUSES-ViIUSeS containing a lipoprotein bilayer 
surroundmg the capsid and acquired by budding through the cell 
membrane of the host cells. 

EPIDERMAL-Pertaming to the outermost and nonvascular layer of 
the skin denved from embryonic ectodenn. 

EPlsofvtAL-Pertaining to any accessory extrachromosomal genetic 
material. 

EPITHELIAL CELLS-Cells from the linings of various organs. Ex- 
amples: respxatory, mtestmal, or vascular epithelial cells. 

ExTRXoRPoREAL-Situated or performed outside of the body. 
EX Vrvo--Procedure performed outsIde of the livmg organism. 
FIBROBLASlS-Connective tiSSUe cells that have the canacitv to 

produce collagen. 
I . 

FLUORESCENCE-ACTIVATED CELL SORTER (FACS& A machine 
that sorts cells basedon fluorescent markers atiached’to them. 

FORMuLATEE--Prepared in accordance with a prescribed method 
or conditions. 

FuSroN-Joining of the membrane of two cells, creating a daughter 
that contains some of the same properties fiorn each parent cell. It is 
used in making hybridoma cells m which anttbody-producing cells 
are fused to mouse myeloma cells. 

G-418--The antibiotic used to select and isolate cells that contain 
neomycin-resistance gene. 

GENE CONSTRUCT-Expression vector that contains the coding se- 
quence of the protein and the necessary elements for its expression. 

GENE THERAPY-Therapy that uses DNA to treat a disease or con- 
dition. FDA defines gene therapy products as products containing ge- 
netic material administered to modifi or maniuulate the exuression of 
genetic material to alter the bIological propehles of livini cells. 

GENoME-Total hereditarv material of a cell. 
GERM CELL-Reproduc&e cell (sperm or egg), gamete, or sex 

cell. 
GRAFT VERSUS HOST DISEASE (GVHD )-Rejection of the trans- 

planted tissue by the host. It is the leading cause of patient death when 
mismatched allogeneic tissue is used. 

GRAFT VERSUS LEUKEMIA (GVL)-Rejection of host leukemia 
cells by donor rcells. 

GRANULOCYTE-One of three types of white blood cells. These 
cells digest bacteria and other parasites. 

GRANULOCYTE-MACROPHAGE COLONY-STIMULATING FACTOR 
(GM-CSF)-A natural hormone that stimulates white blood cell ore- 
auction, p&ticularly that of granulocytes and monocytes. - 

GROWTH FACTORS-Factors resoonsible for renulatorv cell oro!if- 
eratlon, function, and diflerentiatidn. 

u d I 

HAPLOID-A cell with half the usual number of chromosomes or 
only one chromosome set. Germ cells are haploid. 

HELPER VIRUS-Aids the development of a defective virus by sup- 
plying or restoring the activity of a viral gene or by enabling the de- 
fective virus to form a functional envelope. 

HEMACYTOMETER-A device used to manually count cells. 
HEMATOPOIETIC-Pertaining to or affectmg the formation of blood 

cells. 
HEPATOCYTES-The predominant ce!! type in the liver that has an 

important role in metabolism and is a source of serum proteins. These 
cells are generally not dividing, but when injured they can divide and 
regenerate until the injured cells are replaced. 

-HERPES SIMPLEX ViRus (HSV)--A bNA virus that is a member of 
the familv Hewesviridue. It can infect both warm- and cold-blooded 
vertebrates by-contact between moist mucosal surfaces. 

HUMAN LEUKOCYTE ANTIGEN (HLA)--Proteins controlled by the 
major histocompatibility complex. These motems nlav a kev role in 
detkrmining transplant comp&bility. ’ ’ ’ ’ 

HuMoRAL-Pertaining to elements found in bodv fluids (for exam- 
ple, humoral immunity &d neutralizing antibodiei). ’ 

HYBRIDIZATION DOT BLOT (DNA o;RNA)--A iechnique for de- 
tecting. analyzing, and identifying protein: similar to the Western blot 
but wTthout ele&ophoretic &pa&on of proteins. 

IMMUNOASSAY-Technique for identifying substances based on 
the use of antibodies. 

IMMUNOFLUORESCENCE-Technique for identifying a fluorescent 
label. 

IMMUNOGEN-Substance capable of inducing an immune re- 
sponse; a form of antigen that induces immune response, as opposed 
to a toferogen that induces tolerance. 

IMPLANTATION VS TRANSPLANTATION-Implantation is the inser- 
tion or grafting of a biological, living, inert, or radioactive matenal 
into the body. Transplantation is the grafting of tissues from the pa- 
tient’s own body or from another person’s body. 

INSERTIONAL MUTAGENESIS-A type of mutation that is caused by 
the insertion of a foreign gene into a host-ceil chromosome. There are 
multIpIe negative consequences of such an event, including death of a 
cell if an essential gene is inactivated or predisposition to cancer if a 
tumor suppressor gene is inactivated. 

INTEGRATION-ASSlmilatiOn of genetic material (DNA) into the 
chromosome of a recipient cell. 

INTERLEUIUN (IL)--Lymphokme that regulates the growth and de- 
velopment of white blood cells. More than 12 have been Identified. 

INT~BoDIEs-Intracellular antibodies that are not secreted and 
that are designed to bind and inactivate target molecules inside cells. 

IN VrvO-Procedure performed in the hving organism. 
IN VImo--Procedure performed outside of the living organism. It 

may involve cells or tissues derived from the organisms. 
ISLET CELLS-/?-islet cells of the pancreas that secrete insulin. 
IsoGENIc-Of the same genotype. 
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KERAT~OCYTES-Differentiated epJdennal cells that constitute the 
top layer of cells in the skin. 

LELJKEMu-Malignant neoplasm of the blood-fomling tissues. 
LJNEAGE (COMMITTED PROGENITOR CELLS, DIFFERENTIATED 

CELLS)--Specific path of cell differentiation that can be traced to a 
single cell of origin. 

LIPOPLEX-A fomnrlatJon of lipids and polymers and/or proteins. 
LIPOSOME-A spherical lipid brlayer enclosing an aqueous com- 

partment. 
LYMPHOKINE-Class of soluble proteins produced by white blood 

cells that play a role in the immune response. 
LYMPHOMA-Fom1 of cancer that affects the lymphatic tissue. 
MJCROJNJECTJON-Physical means of gene transfer involvmg a di- 

rect injection of the cell with a syringe and a needle. 
MACROPHAGE-Any of many forms of mononuclear phagocytes 

that are found in tissues and arise from hematopo:etic stem cells in 
the bone marrow. 

MOCK RUN-A test run that deliberately omits some critical re- 
agents. 

MONOCLONAL ANTlBODlES-Antibodies that are derived from a 
single cell clone. 

MONOCYTES-one of the three types of white blood cells. They 
are precursors to macrophages. 

MYELOSUPPRESSION-InhIbit ion of bone marrow activltv resulting 
in depletion of red cells, white cells, and platelets. 

MYOCYTES-Fundamental cell units in the muscle. Target cells for 
- insertion of genes that encode secretory proteins. 

NEOMYCJN-Antibiotic derived from Sfl-eptom~,cesfradiae. 
NAKED DNA-Isolated, purified, and uncomplexed DNA (no pro- 

tein or lipid). 
OLIGONUCLEOTIDE-A polymer consisting of a small number of 

nucleotides, usually 5 to 30. 
ONCOGENES-CeneS associated with neopiastic proliferation (can- 

cer) following a mutation or perturb&on in their expressions. 
ONCOGENIC-Cancer-causing. 
OSTEOGENIC CELLS-Derived from or involved in the growth or 

repair of bone. 
PACL~GJNG CELL L~E-Cell line that produces all of the proteins 

required for packagmg and production of viral vectors in an active 
form, but does not produce replication-competent virus. 

~53 GENE--Gene whose mutation is the most common alteration 
observed in human cancers. It is not required for normal develop- 
meut, but the lack of this gene highly increases the potential risk of 
cancer. 

PARVOVIRUS-DNA viruses of the family Purvoviridae. Host 
range includes many vertebrate species. 

PERCUTANEOUS-Performed through the skin. An example of a 
percutaneous procedure is the injection of an agent or removal of a 
tissue (sample for biopsy) with a needle. 

PERITONEAL MESOTHELJUM-Lining of the peritoneal cavity con- 
sistiug of a single sheet of cells covering a broad surface. It has abun- 
dant Gmphaticdrainage and permits drffision of macromolecules. 

PLASMID-A small circular form of DNA that carries certain genes 
and is capable of replicatmg independently in a host cell. 

PoLYcrONAL-Derived from a population of cells consisting of 
many clonal types. 

PROCESS V,4LJDATJON-Means for providing documentation that 
the manufacturing process is controlled, reproducible, and capable 
of consistently producing a product that meets predetermmed specr- 
fications. 

PRODUCER CELL LJNE-An established cell line used to produce 
virus vectors, often at a large scale. 

POLYMERASE CHAJ& REACTION (PCRFTechnique to amplify a 
target DNA or RNA sequence of nucleotides by several hundred 
thousand-fold. 

POTENCY-A quantitative measure of biological activity based on 
the attribute of the product linked to the relevant bJological proper- 
ties. 

PROGENITOR CELL-Parent or ancestral cell, usually one that is ai- 
ready commuted to differentiate into a specrfic type or lineage of 
cells. 

PROMOTER-DNA sequence that is located at the front of a gene 
and controls gene expressron. It is required for bindmE of RNA DOIV- 
merase to inmate transcription. I 

. I 

RADIOIMMUNOASSAY (RIA)-Technique for quantifying a sub- 
stance by measuring the reactivny of radioactively labeled forms of 
the substance. 

RECOMBINANT-DNA-DNA produced by joining fragments 
DNA from different sources by rn vitro manipulations. 

REPLICATION-COMPETENT VIRUS-A virus that can complete 
entire replication cvcle without a need for a helper virus; an autor 
mously replicating-virus. 

RESTRzTloN BNDONUCLEASE-An endonuclease that recognize! 
specific sequence of bases within double-stranded DNA. 

RETROVIRUS-A virus that contains the reverse transcriptas 
which converts viral RNA into DNA that then integrates into the hc 
cell in a form called a provirus. 

SERUM-FREE-Refers to cell growth medium that lacks a ser-u 
component. 

SOMATIC CELLS-Cells other than the germ cells. 
S PHASE-Part of the cell cycle during which DNA replication o( 

curs. 
STEM C~~~---lr~m~~rtal cell that is capable of proliferating and dil 

ferentiating into different rvoes of soecialized cells. Each major tissu 
system is rhought to have-i& own putative stem cell. 

STROMAL-Refers to cellular support elements that contain essen 
tial nutrients or growth factors. 

SUPRAVITAL DYE-A dye that stains only living cells. 
SUSPENSION CULTURE--Cells caoable of erowth in suspension, no 

requiring substrate (attachment) on’ which t; grow. 
TCELLS-Lvmohocvtes that acauire functional reoertoires and the 

concept of self in’the ihymus and’are responsible ior ceil-mediated 
immunity. There are several subsets of Tcells (helper Tcells, suppres- 
sor Tcells, and cytotoxic Tcells). 

TCID s,, ASSAq-Tissue Culture Infectious Dose, 50% Assav. An 
assay measurine the amount of oroduct at which 50% of culture cells 
in the assay arekilled (cytopathic effect) or are expressing a vector 
protein. 

TFXNSDtJcTlON-‘Fiansfer and expression of genetic material into 
a cell by means of a virus or phage vector. 

TRANSFECTION-Transfer of DNA into cells by physical means 
such as by calcium phosphate coprecipitation. 

TRANSGENE-Refers to the foreign or therapeutic DNA that is part 
of a vector construct. 

DJh4ORGENlCITY--Having the properties of inducing a malignant 
neoplasm. 

VECTOR-The agent (plasmid, virus, or hposome-protein or 
DNA-protein complex) used to introduce DNA Into a cell. 

VIABILITY-State of being alive and functional. 
VIRION-An elementary viral particle consisting of genettc mate- 

rial (nucleocapsid) and a protein covering. 
VIRUS-Submicroscopic organism that contains genetic informa- 

tion necessary for reproduction. It is an obligate intracellular parasite. 
WESTERN BLOT-An electroblotting method in which proteins are 

transferred from a gel to a thin, rigid support (e.g., mtrocellulose 
membrane) and detected by binding radioactively labeled antibody 
or antibody coupled to an enzyme, allowing use of a precipitating 
chromogenic or chemiluminescent substrate. 

XENOGENEJC-From a different species. 
XENOTRANSPLANTATION-Transplantation Of organs from one spe- 

cies to another (e.g., from pigs to humans). 
ZGONGSrs-The disease of animals transmitted to humans via rou- 

tine exposure to or consumption of the source material. 

ABBREVIATIONS 

AABB 
7-AAD 
AATB 

EC 
BSE 

CBER 

CDC 
CDER 
CDRH 

%MP 
CSF 
cDNA 

American Association of Blood Banks 
7-amino-actinomycm D 
American AssociatJon of Tissue Banks 
adeno-associated virus 
amino deaminase 
bovine spongiform encephalopathy (mad cow 
disease) 
FDA Center for Biologics Evaluation and Re- 
search 
The Centers for Disease Control and Prevention 
FDA Center for Drug Evaluation and Research 
Center for Devices and RadioloeJcal Health 
colony-forming unit 
current good manufacturing practice 
colony-stimulating factor 
complementary DNA 
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DNA 
ELISA 
FBS 
FACS 
GVHD 
GM-CSF 

HSV 
HRSA 
HLA 

KH 
NMDR 
PBPC 
PCR 
QC-Q-4 
RCA 
RCR 
RCV 
rDNA 
RNA 
SDS-PAGE 

TCID,O 

deoxyribonucleic acid 
enzyme-linked unmunosorbent assay 
fetal bovme serum 
fluorescence-activated cell sorter 
craft versus host disease 
granulocyte-macrophage colony-stimulating 
factor 
herpes simplex virus 
Health Research Services Administration 
human leukocyte antigen 
kilobase 
National Institutes of Health 
National Marrow Donor Registry 
peripheral blood progenitor cell 
polymerase chain reaction 
quality control-quality assurance 
replication-competent adenovims 
replication-competent retrovirus 
replication-competent virus 
recombinant DNA 
nbonucleic acid 
sodium dodecyl sulfate polyacrylamide gel elec- 
trophoresis 
tissue culture infectious dose, 50%. , 

General Infomzation / (1146) Packaging Practice 
I 

2791 ? ( 
I 

REPACKAGING-Repackaging is the act of removing a orenaration P 
I’ 

Add the following: 

-_i 
-9 ” ( 1146) PACKAGING PRACTICE- 

REPACKAGING A SINGLE SOLID 
ORAL DRUG PRODUCT INTO A 

UNIT-DOSE CONTAINER 

INTRODUCTION e 
Repackaging of solid oral drug products, such as tablets and cap- 

sules, mto unit-dose configurations IS common practice both for the 
pharmacy that is dispensing drugs pursuant to a prescription and for 
the pharmaceutical repackagmg firm. This general chapter contains 
minimum standards to be used as a guideline for repaikaging prac- 
tices. This guideline is not intended to replace or supplant the reouire- 
ments of r<gulatory agencies. 

. _ 

Repackaging preparations into unit-dose configurations is an im- 
portant aspect of pharmaceutical care and of optimization of patient 
compliance. For purposes of this chapter, there are two types of re- 
packaging: the first mvolves pharmacies that dispense prescription 
g;f;; the second concerns commercial pharmaceutical repackaging 

NOMENCLATURE AND DEFINITIONS 

DISPENSER-A dispenser IS a licensed or registered practitioner 
who 1s legally responsible for providing a preparation for patient 
use, with a specific patient label, pursuant to a prescription or a med- 
ication order. In addition, dispensers may prepare limited quantities m 
anticipation of a prescription or medication order from a physlclan. 
Dispensers are governed by the board of pharmacy of the individual 
state. 

PHARMACY-A pharmacy IS an establishment that is legally re- 
sponsible for providing the drug preparation for patient use, with a 
specific patient label, pursuant to a prescription or a medication order. 
The terms dispenser and pharmacy are used interchangeably. 

from its onginal prim&y co<tainer and placing it into a<other’pnmary 
container, usually of smaller size. 

REPACKAGER-A repackager is an establishment that repackages 
drugs and sends them to a second location in anticipation of a need. 
Repackaging finns repackage preparations for distribution (e.g., for 
resale to distributors, hospitals, or other pharmacies), a function that 
is beyond the regular practice of a pharmacy. Distribution is not pa- 1 

I 
tlent specific in that there are no prescriptions. Unlike dispensers, re- 
packaging firms are required to register with the FDA and to comply ! 
with the Current Good Manufacturing Practice regulations in 2 1 CFR 
210 and 211. I 

MATERIALS 
Blister packages offer a wide array of designs of both functlonahty 

and appearance. Various packaging materials are utilized to create 
bhsters that are tailored to provide optimum performance. The bhster 
container consists of two components: the blister, which is the formed 
cavity that holds the product, and the lid stock, which is the material 
that seals to the blister, as shown below. Because of the variety of 
blister films available, film selection should be based upon the degree 
of protectlon required. The choice of lid stock depends on how the 
blister is to be used, but generally the lid stock is made of aluminum 
foil. The material used to form the cavity is typically a plastic, which 
can be designed to protect the dosage form from moisture. There are 
widely varyin.g degrees of moisture protection now available. For 
purposes of this general chapter, they are referred to as nominal, med- 
ium, high, and extreme moisture barrier properties. 

v Blister 

Schematic Resentation of a Typical Blnter Pack 

Polyvinyl Chloride-The most commonly used blister material is 
polyvinyl chloride (PVC). This material. which urovides a nominal or 
zero b&er to mo&ure; is used when the prohuct does not require 
effective moisture protection. PVC is available in a range of gauges 
and can be made opaque or can be tinted with pigments to block out 
specific light wavelengths. 

The thickness of the PVC used is determined by the depth and size 
of the cavity to be formed. Because the plastic thins during: the blister- 
forming process, care should be taken <o ensure that the i&shed blis- 
ter provides sufficient protection from light (if required) and that it is 
strong enough to adequately protect the dosage form. Common 
eauees of PVC used in the oharmaceutical industrv ranee from 7.5 
G l’i mil (0.0075 to 0.015 &ch). 

2 --a 

Barrier Films-Many drug preparations are extremely sensitive 
to moisture and therefore require high barrier films. Several matenals 
may be used to provide moisture protection. Bamer films commonly 
used in the pharmaceutical industry are described below. 

PVUPCTFE Laminations-Polychlorotnfluoroethylene (PCTFE) 
film’ is a thermoplastic film made from polychlorotrifluoroethylene 
fluoropolymer. The PCTFE film is laminated to the PVC by an 
adhesive layer between the PVC and the PCTFE film (duplex 
structure) or by a layer of polyethylene between the PVC-adhesive 
and the PCTFE-adhesive layers (triplex structure). By using various 
gauges of the PCTFE film, medium to extreme moisture bamers can 
be obtained. 

’ PCTFE film IS avaIlable from Allled Signal (as Aclar) and from other 
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I would like to thank the Office of Ombudsman at the FDA for this opportunity to speak 
at this hearing. I am speaking today in my role as Chair of the United States Pharmacopeia’s 
Expert Committee on Gene Therapy, Cell Therapy and Tissue Engineering. This presentation is 
based on this committee’s past work which culminated in the information chapter <1046> Cell 
and Gene Therapy Products, its current work on an information chapter on Ancillary Products for 
Cell and Gene Therapy Products and its work with companies to write monographs for wound 
healing products that contain live cells. 

It is not the committee intention today to testify on which center in the FDA should have 
jurisdiction over these products or what the primary mechanism of action of these products. Our 
work has always assumed that reproducibly manufacturing a safe product with live, functioning 
cells was the goal. I intend to focus today on our work to provide information for cell and gene 
therapy products in general and monographs and reference standards for wound healing products 
with live cells, in particular. 

The forerunner of this expert committee was an advisory group to the subcommittee on 
Biotechnology and Gene Therapy, which was formed in December 1997. This group was 
composed of scientists and clinicians from academic medical centers, the biopharmaceutical 
industry, both large and small, and the government, including the FDA. The members have 
experience with cell based products for wound healing, bone marrow transplantation, xenogeneic 
cell therapies, patient specific cell therapies, viral and non-viral gene therapies as well as 
traditional biotechnology derived products. At that December meeting we decided that we would 
write an informational chapter on cell and gene therapies after which we could focus work on the 
issue of ancillary products for these products. The goal of this first chapter, <1046> Cell and 
Gene Therapy Products, was “to summarize the issues and best current practices in the 
manufacturing, testing and administration of cell and gene therapy products.” In other words, we 
wanted the chapter 

l to contain all of the information the committee would have liked to have known if they 
were starting out in these fields today, 

0 to cite examples that are directly relevant to those making cell and gene therapy products, 
l to look forward towards the standards and practices for approved products but 
l to present also general information on the development, manufacturing and testing of 

these products. 
Since this is a new field, we considered the relevance of all regulatory guidances whether 

or not they specifically were devised for these products. These included the numerous CBER 
Points to Consider and Guidances, the ICH guidances, especially those for biotechnology derived 
products, 21CFR210,211,600s and 820, the Quality Systems Regulations (QSR) and IS0 
guidances. Aspects from all of these sources influenced us. In fact an overriding theme of this 
chapter is that the ICH guidelines, especially those for biotechnology derived products, are useful 
in that principles of these guidelines can be applied to cell and gene therapy products even if the 
guidelines specifically state that they are not applicable to cell and gene therapy. To help apply 
the important principles of these guidances and regulations the panel tried to provide as many 
useful examples that are specific to cell and gene therapy as are practical. The goal with these 
examples is to go beyond the FDA definitions and guidances to make these guidances relevant to 
the field of cell and gene therapy. 

A complete outline of <1046> is attached. I will highlight only those sections that are 
relevant for wound healing products containing live cells. We divided manufacturing into 
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multiple sections. The first section is a manufacturing overview. It discusses raw materials 
sourcing and qualification, characterization of cell and virus banks, in process controls, 
specifications and considerations for validation. This section was strongly influenced by the risk 
assessment and design approaches of QSR and by the numerous CBER points to consider and 
guidances on testing these products for adventitious agents. The manufacturing of cell therapy 
product section contains much information on directly relevant to these type of wound healing 
products including a concise list of the desired qualities for the supporting matrix. We felt that if 
any preparation of the final product is done at the clinical site that it should be viewed as an 
extension of manufacturing and should be supported by appropriate SOPS and facilities and by 
people trained in the processing. We organized the analytical methodology section so that safety 
was the first item detailed, not the last. In addition, these products need assays for defining the 
dose, the potency, purity and identity of the product. The Stability section points out that a brief 
excursion in temperature to outside the stated limits such as may occur in an airplane hold or in a 
surgical suite may be as damaging as a long term exposure to conditions just outside storage 
specifications. The Storage and Shipping section discusses the issue both with storing a product 
frozen as well with shipping it in an unfrozen form. The chapter concludes with brief sections on 
Labeling these products, on Regulations, Standards and New Methodologies for these products 
and a list of definitions and abbreviations. 

An initial draft of <1046> was published in Pharmacopeia Forum (PF) January, 2000 for 
comments. A revised version was published in PF in January, 2001. Based on a few additional 
comments, a final version of c1046> was approved by the now Expert Committee and published 
as part of the first supplement to USP 25/ NF 20, which became effective April 1,2002. 

In 2000 the Expert Committee also started work on a second information chapter that 
discusses sourcing and qualifying ancillary products for use in the manufacturing of cell and gene 
therapy products. Ancillary products are those materials used in the manufacturing of the 
therapeutic product that are not intended to be in the final product. Again the committee has 
found CBER’s extensive guidances on adventitious agents and handling of biotechnology 
derived products to be important. We also find that CDRH’s QSR approach extremely helpful. 
The QSR spell out a more comprehensive approach to quality than CBER’s specification for the 
quality function. QSR start right at the conceptualization, design and development phases 
(design controls) and directly address risk assessment for products and raw materials. 
Addressing these issues up front is important for developing a manufacturing process to produce 
safe cell or gene therapy products, which consistently demonstrate the expected activity. 

More recently the Expert Committee has work with three companies on monographs for 
wound healing products containing live cells. A draft monograph for one of these products was 
published in Pharmacopeia Forum in November, 2001. The other two monographs are still in an 
early stage. Each monograph contains sections that describe (a) the product configuration and 
adventitious agent and other non-USP specified testing, (b) packaging and storage, (c) labeling, 
(d) USP reference standard and (e) tests to identify the product. The committee would like to 
emphasize that in the USP tradition these tests are not intended to be routine release tests for 
these products but are a set of tests that can be used to distinguish these cellular products from 
each other and from other wound healing products. These three wound-healing products are all 
clearly different. 

After working on its first monograph, the committee decided that monographs for wound 
healing products containing live cells should include the following for types of tests. 
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1. Detailed histology of the product which clearly demonstrates the organization of the 
different cell types relative to the matrix as well as the gross structural properties of the 
matrix. 
2. Test(s) to identify the different cell types and the matrix. 
3. Test(s) that show the cells to be viable or to have the expected metabolic activity in the 
final product. 
4. Test(s) for other unique properties, if relevant. For instance, in the draft monograph 
published last fall there is an assay that demonstrates that the top layer of that particular 
wound healing product with live cells was cornified. 

The reference standard for that monograph are a series of photomicrographs of the 
histology of the product that depict product that passes these specifications as well as product 
that fails these specifications. These photomicrographs are in the process of being reviewed by 
independent pathologists for their acceptability as a reference standard. 

The committee urges that all wound healing products with live cells be reviewed by the 
same center so there is consistency of review. They urge that center to be versed in both the 
issues with live cell products as well as the issues with biomaterials and their sourcing and with 
ancillary products needed to make these cell products. They also feel that if the jurisdiction 
changes, there should be no undue regulatory burden placed on the wound healing products 
already on the market as it is the committee’s perception that there have been no major safety 
issues with these approved products. Finally, the committee would like to thank both CBER and 
CDRH for the good relationships it has with them and looks forward to working with whatever 
center regulates wound healing products with live cellular components. 
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